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Polymer  systems  containing  the  [ 2H ] -1 , 2 , 4-triazoline- 
3-thione  moiety  have  been  investigated.  Three  routes  known 
in  the  literature  to  be  useful  for  synthesis  of  this 
heterocyclic  ring  were  investigated  with  a view  to  polymer 
synthesis . 

The  reaction  of  bis(imidoate  ester  hydrochlorides)  with 
bisthiosemicarbazides  appeared  unsuitable  for  polymer 
preparation  because  of  the  instability  of  the  bis(imidoate 
ester  hydrochlorides),  which  were  found  to  evolve  hydrogen 
chloride  gas  on  standing. 

Approaches  to  the  ring  involving  cyclization  of  a 
polyacylthiosemicarbazide  were  therefore  studied.  This 
intermediate  could  be  prepared  either  from  the  reaction  of 
bisthiosemicarbazides  with  bis(acid  chlorides)  or  from 
di i sothiocyanates  with  bis(acid  hydrazides).  Model  studies 
showed  the  latter  route  to  lead  to  polymers  of  higher 
molecular  v^eight,  a desirable  characteristic.  Weight  average 
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molecular  weights  up  to  6.3E4  were  achieved.  Cyclization  of 
the  polyacylthiosemicarbazides  was  effected  by  stirring  in 
sodium  carbonate  solution  at  room  temperature,  easily 
leading  to  the  required  poly- [ 2H ] -1 , 2 , 4-t r iazol ine- 
3-thiones.  In  this  manner  ten  novel  polyacylthio- 
semicarbazides were  prepared  and  each  was  cyclized  to  the 
corresponding  poly-[2H]-l,2,4-triazoline-3-thione. 

Copolymers  were  also  prepared  by  reacting  1,6-diiso- 
thiocyanatohexane  with  mixtures  of  terephthalic  bishydrazide 
and  £-phenylenediamine . This  led  to  ten  novel  copolymers 
containing  both  polyacylthiosemicarbazide  and  polythiourea 
residues  in  varying  proportions.  On  treatment  with  aqueous 
ammonia  at  room  temperature,  those  polymers  containing  more 
than  20%  of  the  polyacylthiosemicarbazide  residues 
dissolved.  The  cyclized  polymers  were  precipitated  by 
warming  to  drive  off  ammonia  gas. 

Attempts  to  prepare  polypyrroles  by  extension  of  the 
Knorr-Lange  reaction  were  abandoned  due  to  difficulties  in 
preparing  the  required  bi s ( a-aminoke tone s ) . 

An  investigation  of  the  reaction  of  diamino-s-tr iazine 
derivatives  with  bis(acyl  bromides)  (in  the  hope  of 
preparing  polybi simidazo [ 1 , 2-a ] [ 1 , 2-c ] -pyrimidines  or 
-s-tr iazines ) showed  it  to  be  unsuitable  for  polymer 
preparation.  Likewise,  model  studies  of  the  reaction  of 
bi sbenzofuroxans  with  bi ssul f onylhydroquinones  (with  a view 
to  preparing  polyphenazine-9 , 10-dioxides ) showed  the 
formation  of  by-products  and  an  insufficient  yield  for 
polymer  formation. 
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CHAPTER  1 

GENERAL  INTRODUCTION 
1 . 1 A Brief  Introduction  to  Polymers 

1.1.1  Historical  Perspectives 

The  early  history  of  polymers  before  the  1930s  is 
clouded  by  much  confusion  concerning  their  structure.  Early 
researchers  in  the  field  seemed  reluctant  to  accept  the 
experimental  indications  that  polymers  could  have  molecular 
weights  of  10,000  or  more,  and  it  was  not  until  the 
pioneering  works  of  Staudinger  [20CB1073]  and  later 
Carothers  [29JA2548]  that  the  mac r omolecula r hypothesis- 
gained  general  acceptance  by  those  working  in  the  field. 

This  was  nearly  a hundred  years  after  Simon  had  reported  the 
polymerization  of  styrene  to  a gelatinous  mass 
[1839LA(31)265] . 

It  was  not  until  science  developed  a reasonable 
understanding  of  the  nature  of  polymeric  materials  that 
scientists  realized  the  vast  potential  utility  of  synthetic 
alternatives  to  many  of  the  naturally-occurring  polymers. 
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Today,  by  contrast,  thousands  of  polymers,  both 
conceptionally  new  and  variations  on  known  types  are 
reported  in  the  chemical  and  trade  literature  each  year,  and 
much  of  what  surrounds  us  is  manufactured  utilizing 
synthetic  polymers. 

As  early  as  1861,  Graham  pointed  out  the  very  slow 
rates  of  diffusion  of  naturally-occurring  polymers  in 
solution  and  gave  them  the  description  "colloid"  meaning 
gluelike,  and  differentiated  these  from  other  substances 
which  he  dubbed  "crystalloids"  [ 1861TRS18 3 ] . Unfortunately, 
this  original  (and  essentially  correct)  work  by  Graham  was 
extended  in  more  confusing  directions  by  later  workers.  In 
particular,  Ostwald  developed  theories  defining  a colloidal 
state  of  matter,  and  postulated  that  this  state  would  be 
applicable  to  virtually  all  substances,  in  the  same  way  as 
the  solid,  liquid  and  gaseous  states  [07KZ331].  This  theory 
essentially  proposed  that  "colloids"  were  aggregates  made  up 
by  unexplained  forces  between  small  molecules;  however  it 
could  not  explain  why  many  naturally-occurring  "colloids" 
such  as  cellulose  could  not  be  split  into  small  molecules 
having  the  composition  implied  by  the  empirical  formulae,  as 
calculated  from  combustion  analysis.  The  calculation  of 
simple  empirical  formulae  for  many  naturally-occurring 
substances  also  confused  early  researchers;  since  these 
formulae  did  not  of  course  include  any  end  groups  (whose 
analysis  is  negligible  for  a polymer  of  high  chain  length). 
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the  only  way  they  could  rationalize  these  formulae  was  to 
consider  the  existence  of  small  rings.  The  development  in 
the  1880s  of  physical  methods  for  the  determination  of 
molecular  weight  in  solution,  namely  the  works  of  Raoult 
[ 1882CR1030 , 1885CR1056 ] and  van't  Hoff  [ 1887ZPC481 ] , allowed 
researchers  to  measure  the  molecular  weights  of  these 
polymers.  Although  these  measurements  indicated  large 
molecular  weights  for  these  polymers,  many  of  the 
researchers  were  more  apt  to  believe  that  Raoult' s Law  was 
inapplicable  to  "colloids",  than  to  believe  the  high 
molecular  weights  they  obtained  by  these  physical  methods. 

Concurrent  with  the  work  to  elucidate  the  constitution 
of  natural  polymers,  was  the  work  of  several  researchers  on 
the  synthesis  of  polymers.  One  notable  contribution  to  this 
field  is  the  work  of  Kraut,  who  correctly  identified  dimeric 
(1.1)  and  tetrameric  (1.2)  structures  formed  by 
intermolecular  esterification  when  acetyl  sal i cyl i c acid  was 
heated  (Figure  1.1)  [ 1869LA( 1 50 ) 1 ] . 

HOCgH^COOCgH^COOH  Dimer 

1.1 

HOC^H  .COOC^H  .COOC,;H  .COOC.H  .COOH  Tetramer 
64  64  64  64 

1.2 

Figure  1.1 

In  a similar  manner  Lourenco  prepared  a series  of 
polyethylene  glycols  (1.3)  (Scheme  1.1)  where  n ranged  from 
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1 to  6.  He  reasoned  that  the  viscous  products  he  obtained  at 
higher  temperatures  were  the  same  materials  but  having 
higher  values  of  n,  and  also  pointed  out  that  as  n increased 
the  molecular  composition  of  the  substance  would  tend  to  the 
simple  molecular  composition  of  ethylene  oxide  [1860CR365]. 


Despite  the  ideas  presented  by  these  authors  most 
chemists  continued  for  many  years  to  believe  in  the 
"colloid"  theory  of  physical  rather  than  chemical  bonds 
being  involved.  Little  major  progress  was  made  until  the 
work  of  Staudinger,  who  dismissed  all  the  theories  of 
physical  forces  and  proposed  chain  formulae  for  polystyrene 
(1.4)  and  polyformaldehyde  (1.5),  those  which  are  now  held 
to  be  correct  (Figure  1.2)  [20CB1073]. 


A 


H0-(CH2)2-0H 


> H0-(  CH.,CH-,0)„-H 
z z n 

1.3  n=l  to  6 


Scheme  1.1 


CH2 — CH CH2 — CH 


n 


Ph 


Ph 


1.4 


1.5 


Figure  1.2 
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While  the  ideas  of  Staudinger  were  very  slowly  ga 
acceptance,  it  was  Carothers  who  finally  put  the  old 
"colloid"  ideas  to  rest  by  undertaking  a program  of  ac 
preparing  polymers  such  as  polyesters  and  polyamides  u 
well-characterized  organic  reactions  [40MI1].  This  was 
beginning  of  the  modern  polymer  era.  These  polymer  the 
as  they  are  generally  accepted  today,  are  discussed  be 
Section  1.1.2. 


ining 

tively 

sing 

the 

or ies , 
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1.1.2  Modern  Polymer  Theory 

Many  texts  are  available  that  discuss  polymer  theory  in 
much  greater  detail  than  is  possible  here  [e.g.  53MI1, 
70MI1].  The  simplified  account  presented  in  this  Section  and 
Section  1.1.3  is  designed  to  place  the  work  in  this  thesis 
in  context.  The  reader  is  referred  to  the  texts  mentioned 
for  in  depth  studies  and  more  rigorous  mathematical 
treatments . 

Modern  polymer  science  divides  polymers  into  two 
groups,  addition  and  condensation  polymers,  these  terms 
being  originally  defined  in  terms  of  the  nature  of  the 
polymerization  reaction. 

A condensation  polymer  was  one  that  was  formed  with  the 
elimination  of  a small  molecule  such  as  water.  A good 
example  of  this  is  the  preparation  of  polyamides;  a diamine 
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will  react  with  a diacid  to  give  the  polyamide  with  the 
elimination  of  water.  The  same  kind  of  polymer  can  also  be 
formed  by  the  self-condensation  of  an  amino-acid,  again  with 
the  loss  of  water,  or  by  the  reaction  of  a diamine  with  a 
bis(acid  chloride),  this  time  with  the  elimination  of  HCl 
( Scheme  1.2). 

H2N-X-NH2  + HOOC-Y-COOH  

H2N-X-NH2  + ClOC-Y-COCl  

H2N-X-COOH  

Scheme  1.2 

Many  typical  addition  polymers  are  formed  by  functional 
derivatives  of  ethylene.  For  instance,  styrene  is  readily 
polymerized  (Scheme  1.3).  The  mechanism  here  is  typically  a 
radical  chain  process,  and  no  small  molecule  is  eliminated. 

Ph — CH=CH-  > -(-CH-= CH ) — 

^ 2 I n 

Ph 

Styrene  Polystyrene 

Scheme  1 . 3 

Nonetheless,  the  definitions  given  above  are  somewhat 
naive,  and  other  differences  are  clear  between  the  two 
types.  While  addition  polymerizations  are  typically  the 


> ( -NH-X-NHCO-Y-CO- ) 

n 

> ( -HN-X-NHCO-Y-CO- ) ^ 

> (-NH-X-CO-) 

n 


7 


free-radical  polymerization  of  a double  bond,  a process 
unique  to  this  area  of  chemistry,  condensation  reactions  are 
essentially  the  extension  of  well-characterized  organic 
reactions  to  one  or  two  bifunctional  materials.  Furthermore, 
looking  for  the  elimination  of  a small  molecule  such  as 
water  can  lead  to  misclassifications:  The  reaction  of  an 
isothiocyanate  (1.6)  with  an  acid  hydrazide  (1.7)  is  used  to 
prepare  polymers  1.8  in  the  work  described  in  Section  2.2,3. 
Although  this  reaction  would  intuitively  fall  into  the 
condensation  class  of  polymerizations,  it  may  be  noted  that 
no  molecules  are  eliminated  in  this  reaction  (Scheme  1.4). 


SCN-X-NCS 

1.6 


+ 


H,NHNOC-Y-CONHNH 

1.7 


( -X-NHCSNHNHOC-Y-CONHNHCSNH- ) 

1.8 


Scheme  1.4 

In  this  light  the  definitions  of  condensation  and 
addition  polymerization  have  been  revised.  Thus  condensation 
polymers  are  those  having  repeating  units  joined  together  by 
functional  groups  (e.g.  amide,  ester,  ether  etc.).  Addition 
polymers  have  repeat  units  joined  directly  together 
(Figure  1.3). 
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Addition 


— X— 

— X— 

Condensation 
Figure  1.3 


The  work  described  in  this  thesis  involves  only 
condensation  polymerizations;  indeed  it  is  the  express  aim 
of  the  current  project  to  prepare  polymers  of  this  sort 
where  the  functional  groups  joining  the  repeat  units  are 
heterocyclic  rings.  The  discussion  of  polymers  henceforth 
applies  to  polymers  of  this  type,  unless  specifically  stated 
othe  rwi se . 

As  was  alluded  to  briefly  above,  the  polyamide 
described  could  be  prepared  either  from  a diamine  and  a 
diacid  or  its  derivatives,  or  from  amino  acids.  These 
classes  are  often  referred  to  as  A-A  + B-B  and  A-B  + A-B 
respectively.  There  is  another  possible  class  for  the 
preparation  of  such  materials,  namely  starting  from  a ring 
compound  to  form  a linear  polymer.  This  is  essentially  where 
the  two  ends  of  A-B  have  originally  reacted  intramolecularly 
to  form  a cyclic  product,  but  during  the  reaction  this  ring 


9 


is  opened  and  the  reaction  proceeds  as  if  A-B  units  were 
present.  One  particularly  common  example  of  this  is  the  use 
of  cyclic  lactams  as  precursors  to  polyamides  (Scheme  1.5). 


Polymers  may  also  be  divided  into  classes  depending 
upon  their  topology,  namely  linear,  branched  or  networked. 
Linear  polymers  consist  of  straight  chains;  this  is  not  to 
say  that  there  are  no  pendant  groups,  only  that  the  repeat 
units  are  all  divalent  and  lie  in  a single  chain.  Branched 
polymers  contain  trivalent  (or  higher  valent)  repeat  units 
at  which  more  than  two  repeat  units  are  joined.  In  the  cases 
where  these  branches  join  back  to  themselves  the  topology  is 
said  to  be  networked.  Networks  may  be  planar  or  space 
networks,  which  are  connected  as  two  and  three  dimensional 
structures  respectively.  The  term  crosslinked  is  often  used 
synonymously  with  the  terra  networked  but  really  should  be 
used  to  indicate  the  origin  of  the  topology,  not  the 
topology  itself.  The  different  topologies  are  illustrated  in 
Figure  1.4. 


Scheme  1 . 5 
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The  progression  from  linear  to  branched  to  networked  is 
marked  by  very  considerable  changes  in  the  physical 
properties  of  the  material,  particularly  obvious  being 
decreases  in  crystallinity  and  solubility.  These  changes  are 
discussed  more  fully  in  Section  1.1. 3. 3. 

-X-X-X-X-X-X-X-X- 

Linear 


-X-X-X-Y-X-X-X-X- 

I 

X 

I 

-X-X-X-Y-X-X-X-Y- 

I 

-X-X-Y-X- 
B ranched 


X X 

I I 

-X-X-Y-X-X-Y-X-X-Y-X-X-Y- 

I I 

X X 

I I 

X X 

I I 

-X-X-Y-X-X-Y-X-X-Y-X-X-Y- 

I I 

X X 


Networked 
Figure  1.4 
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Physical  Properties  of  Polymers 
1-1. 3.1  Molecular  Weight  Distribution 

Many  of  the  useful  properties  of  polymers  are  due  to 
their  high  molecular  weight.  One  such  property  is  mechanical 
strength,  without  which  most  of  the  polymers  that  we 
commonly  encounter  would  crumble  to  dust  or  crystals.  There 
is  usually  a minimum  molecular  weight  necessary  for  the 
compound  to  show  any  mechanical  strength  at  all.  This,  of 
course,  varies  depending  on  the  polymer  structure,  but  is 
generally  of  the  order  of  1000.  Above  this  point,  strength 
increases  regularly  with  molecular  weight  until  a critical 
point  is  reached,  and  then  tends  slowly  towards  a limiting 
value.  Again,  depending  on  the  structure  of  the  polymer, 
this  critical  point  usually  occurs  in  the  5,000-10,000  range 
of  molecular  weight.  In  order  to  be  generally  useful  a 
polymer  should  have  an  average  molecular  weight  above  the 
critical  point  described.  Nonetheless,  it  is  possible  for  a 
polymer  to  be  of  use  despite  a lower  molecular  weight, 
particularly  if  the  polymer  has  desirable  chemical 
properties. 

By  the  very  nature  of  the  polymerization  process, 
polymers  do  not  have  a precisely  defined  molecular  weight. 
Even  a pure  polymer  is  not  a pure  substance  by  the  normal 
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chemical  criteria,  consisting  instead  of  a statistically 
•distributed  mixture  of  various  chain  lengths.  Thus  one  must 
discuss  the  properties  of  polymers  either  in  terms  of 
molecular  weight  averages  or,  more  precisely,  molecular 
weight  distributions. 

Many  methods  are  available  to  determine  molecular 
weight  averages  for  polymers,  but  even  when  applied  to  the 
same  polymer  these  methods  will  give  different  values,  since 
the  methods  all  contain  inbuilt  biases  in  their  assumptions 
as  to  how  the  physical  property  used  in  the  determination 
varies  with  molecular  weight. 

Two  different  molecular  weight  averages  are  in  common 
use,  weight-average  and  number-average.  The  number-average 
molecular  weight  is  equal  to  the  total  weight  of  all  the 
molecules  in  the  sample  divided  by  the  total  number  of  moles 
present,  i.e. 


M„=EN  M /EN 
n X X 

where  E represents  a summation  over  all  molecular  weights  x 
and  N is  the  number  of  moles  whose  molecular  weight  is  M 

X ■ 

Number  average  molecular  weight  is  obtained  from 
measurements  of  the  colligative  properties  of  the  solutions 
of  the  polymer  such  as  the  depression  of  melting  point  and 
elevation  of  boiling  point  of  polymer  solutions  and  from 
vapor  or  osmotic  pressure. 
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Weight-average  molecular  weight  is  obtained  both  from 
viscosity  and  from  light-scattering  techniques,  and  is  equal 
to  the  weight  fraction  of  the  molecules  whose  weiqht  is  M . 

^ X 

It  can  be  formulated  as 

where  w^  represents  the  weight  fraction  of  molecules  whose 
weight  is  M . 

In  the  case  of  light  scattering  measurements  the  factor 
a is  1.0  whereas  for  viscosity  measurements  this  factor  is 
of  the  order  0.5  to  0.9.  Thus  any  techniques  using  viscosity 
in  order  to  determine  accurate  values  of  molecular  weight 
must  be  calibrated  to  evaluate  a for  the  particular  polymer 
composition  under  consideration.  On  the  other  hand, 
viscosity  measurements  have  the  advantage  that  they  can  be 
carried  out  very  quickly  with  a minimum  of  apparatus.  For 
this  reason  viscosity  measurements  are  most  useful  as  a 
rough  first  guide  to  the  molecular  weight  or  in  situations 
where  comparative  studies  are  being  done  which  result  in  the 
same  polymer  structure,  i.e.  to  determine  the  effect  of 
certain  reaction  conditions. 

Several  different  comparative  viscosity  measurements 
may  be  made  for  polymer  solutions.  Although  the  apparatus 
may  vary  slightly,  these  measurements  are  all  made  by  timing 
the  flow  of  both  the  solution  and  the  pure  solvent  through  a 
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length  of  capillary  tubing  at  a fixed  temperature.  The 


various  types  of  viscosity  are  listed  in  Table  1.1 

Table  1. 

1 

Comparative  Viscosity 

Measurements 

Name 

Formula 

Relative  viscosity 

Specific  viscosity 

1sp"'rel-l 

Reduced  specific  viscosity 

Inherent  viscosity 

Intrinsic  viscosity 

[n]=lim  p. 
c-»o 

Here  t is  the  time  taken  for  the  solution  to  pass 
through  a given  viscometer,  tQ  is  the  corresponding  time  for 
pure  solvent,  C is  the  concentration  and  is  traditionally 
measured  in  g/dL.  All  the  viscosities  listed  depend  on 
solvent  and  temperature,  and  all  but  intrinsic  viscosity  are 
concentration  dependent.  In  the  order  given  the  various 
viscosity  measures  become  less  dependent  on  the  conditions 
of  the  measurement.  Intrinsic  viscosity,  whilst  certainly 
the  most  reliable,  is  also  very  tedious  to  measure 
experimentally,  involving  the  determination  of  inherent 
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viscosity  over  a range  of  concentrations  and  extrapolation 
to  zero  concentration. 

An  empirical  relationship  between  intrinsic  viscosity 
and  molecular  weight  was  proposed  by  Mark  and  Houwink 
[38MI65,  40JPR15]: 

[ h]=KM® 

where  M is  the  molecular  weight  and  K and  a are  constants 
for  a particular  polymer/solvent  system.  These  can  be 
determined  as  the  intercept  and  slope,  respectively,  of  a 
plot  of  log[h]  against  M for  a series  of  highly  fractionated 
samples  of  the  same  polymer.  M for  each  of  the  samples  must 
be  determined  by  a technique  such  as  light  scattering.  Such 
a procedure  is  very  time  consuming,  and  since  the  results 
obtained  must  be  calibrated  by  other  techniques,  this  method 
is  not  usually  employed  unless  values  of  K and  a can  be 
estimated  from  those  published  for  similar  polymers. 

Values  of  inherent  viscosity  for  polymer  samples 
prepared  in  the  present  work  were  measured  at  30.0+0.1°C  in 
DMF  that  had  been  dried  over  3A  molecular  sieve.  The 
solution  strengths  were  approximately  0.5  g/dL 

It  is  well  known  that  colloidal  particles  suspended  in 
a liquid  medium  scatter  light  (Tyndall  Scattering).  This 
scattering  depends  on  the  polarizability,  size  and 
concentration  of  the  particles.  In  dilute  solution,  the 
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scattering  can  be  considered  as  the  sura  of  the  individual 
particles  independent  of  each  other.  For  isotropic  particles 
(i.e.  those  which  have  equal  polarizability  in  all 
directions)  the  light  scattered  by  a particle  is  dependent 
on  the  square  of  its  size,  and  independent  of  shape.  While 
rigorous  theory  of  this  technique  is  beyond  the  scope  of 
this  introduction,  using  a laser  beam  and  making  very 
accurate  measurements  of  intensity,  it  is  possible  to  get  an 
accurate  measurement  of  weight  average  molecular  weight.  The 
technique  is,  however,  experimentally  exacting,  requiring 
rigorous  exclusion  of  dust,  etc.,  and  the  microfiltration  of 
the  solutions.  Since  the  effects  observed  are  very  small  and 
the  apparatus  very  expensive,  the  performance  of  such 
measurements  is  normally  left  to  trained  experts. 

The  distribution  of  molecular  weights  and  the 
corresponding  positions  of  the  molecular  weight  averages  for 
a typical  polymer  are  illustrated  in  Figure  1.5. 
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Figure  1.5 
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Molecular  weight  distribution  diagrams  of  this  sort 
describes  the  composition  of  the  polymer  more  accurately. 
They  are  generally  obtained  using  a fractionation  technique. 
Fractional  extraction,  precipitation  or  sedimentation  have 
all  been  employed,  although  gel  permeation  chromatography  is 
probably  the  most  commonly  used  method. 

Only  two  techniques  for  study  of  molecular  weight  have 
been  used  in  the  work  described  in  this  thesis.  The  most 
commonly  used  method  was  simply  to  measure  the  inherent 
viscosity  of  the  polymer.  Although  this  really  only  gives  a 
qualitative  measure  of  the  molecular  weight  of  the  polymer, 
we  determined  that  we  should  try  to  prepare  polymers  with 
inherent  viscosities  greater  than  0.1  dL/g  (DMF, 

30.0+0.1°C).  While  such  would  not  be  considered  rigorous 
enough  in  many  studies,  we  were  preparing  polymers  that 
would  probably  be  of  more  interest  because  of  their 
chemical,  as  opposed  to  mechanical,  properties.  We  also 
intended  to  send  any  polymers  that  met  this  criterion  to  3M 
for  evaluation,  which  would  include  molecular  weight 
determination,  and  felt  this  was  sufficient  to  indicate 
whether  a polymer  was  worth  following  up. 

Early  attempts  to  perform  gel  permeation  chromatography 
on  some  of  the  polymers  described  in  Section  2.2.3  indicated 
that  on  the  whole  these  were  insufficiently  soluble  in  the 
solvents  commonly  used  (THF,  DMF)  to  allow  meaningful 
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results  to  be  obtained.  It  was,  therefore,  decided  to 
determine  only  the  weight-average  molecular  weight  by  using 
the  low-angle  laser  light  scattering  (LALLS)  technique.  All 
measurements  of  molecular  weight  indicated  in  this  thesis 
were  accomplished  by  this  technique  in  the  laboratory  of  Dr. 
Paul  Wang  at  the  3M  Company. 

1.1. 3. 2 Factors  affecting  the  Molecular  Weight 

The  two  factors  that  between  them  have  a major 
influence  on  the  molecular  weight  distribution  of  the 
polymer  obtained  are  molecular  yield  and  reaction 
stoichiometry.  Molecular  yield  refers  to  the  percentage  of 
the  functional  groups  present  that  react  to  give  the  desired 
polymer  linkage:  To  achieve  a polymer  of  high  molecular 
weight  it  is  necessary  to  utilize  a reaction  that  has  a high 
yield  on  the  molecular  scale.  If  the  reaction  is  allowed  to 
run  to  its  conclusion,  then  each  end  group  can  either 
undergo  the  desired  polymer  reaction  or  a non-productive 
side  reaction  that  will  terminate  the  chain.  As  a rule  of 
thumb,  the  average  number  of  repeat  units  in  the  chain  will 
be  given  by 


n=100/( 100-X) 


19 


where  X is  the  percentage  molecular  yield.  While, 
theoretically,  100%  yield  would  give  an  infinite  chain 
length,  this  does  not  happen  since  the  reaction  becomes 
diffusion  controlled  as  the  number  of  unreacted  functional 
groups  falls  off  (the  same  is  actually  true  of  all  reactions 
and  thus  their  yields  never  reach  100%).  Nonetheless,  while 
99%  yield  would  be  expected  to  lead  to  an  average  chain 
length  of  100  repeat  units,  a yield  of  80%  would  lead  to 
only  five  repeat  units,  an  oligomer  rather  than  a polymer. 
Thus  many  reactions  which  would  be  regarded  as  very  useful 
by  a synthetic  chemist  are  essentially  worthless  to  the 
polymer  chemist.  On  the  other  hand  it  should  be  remembered 
that  the  yields  quoted  for  most  reactions  are  for  the 
isolated  product,  and  the  actual  yield  on  the  molecular 
scale  might  be  considerably  higher. 

The  other  major  factor  that  determines  the  molecular 
weight  of  the  polymer  is  stoichiometry.  In  the  case  of  an 
A-B  + A-B  reaction  the  correct  stoichiometry  is  built  into 
the  system  and  the  major  worry  is  any  impurity  that  could 
react  with  one  of  the  end  groups  and  terminate  the  chain 
process.  In  the  case  of  A-A  + B-B-type  reactions  then  the 
stoichiometry  is  not  built  in  and  must  be  provided  by  the 
chemist.  A slight  excess  of  one  reagent  or  the  other  will 
leave  functional  groups  with  no  partners  to  react  with,  thus 
terminating  the  chain.  A small  amount  of  impurity  can  have 
an  adverse  affect  in  two  different  ways:  It  may  interfere  by 
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reacting  with  one  of  the  functional  groups  as  mentioned 
above  for  the  case  of  A-B  +A-B  polymers.  Furthermore,  any 
amount  of  an  unknown  inert  impurity  will  still  destroy  the 
precision  of  the  stoichiometry  that  the  experimenter  is 
trying  to  supply  by  very  careful  weighing  of  the  reagents. 

It  may  be  noted  that,  when  forming  polymers  using  reactions 
of  very  high  molecular  yield  on  an  industrial  scale,  this 
non-stoichiometry  may  be  used  deliberately  to  control  the 
average  molecular  weight,  thus  producing  a more  processible 
polymer,  but  in  our  case  we  were  aiming  to  get  polymers  of 
the  highest  molecular  weight  possible. 

Other  factors  that  have  an  affect  on  chain  length  are 
solvent  and  concentration.  One  of  the  biggest  difficulties 
of  converting  monomer-forming  reactions  into  their  polymer- 
forming counterparts  is  the  selection  of  a suitable  solvent. 
If  during  a polymer-forming  reaction  the  product  becomes 
insoluble  after  it  reaches  but  a short  chain  length,  it  will 
precipitate  out  of  the  solution  and  thus  undergo  little  or 
no  further  reaction.  Thus  the  reaction  is  halted  at  the 
solubility  threshold  of  the  oligomer  or  polymer  in  the 
solvent  used.  A good  solvent  for  a polymer  reaction  is  thus 
one  in  which  the  polymer  is  soluble  no  matter  what  its  chain 
length,  the  important  factor  becoming  the  solvation  of  the 
repeat  units  and  not  the  end  groups.  Many  polymer  reactions 
are  carried  out  in  highly  polar  aprotic  solvents  such  as 
DMSO  and  DMF  for  this  reason.  Unfortunately,  the  choice  of 
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solvents  that  meet  the  necessary  solvation  criteria  is  not 
large  and  is  reduced  even  further  by  the  need  for  chemical 
compatibility  with  the  reaction  and  reagents  concerned. 
Another  solvent-related  consideration  is  concentration.  In  a 
poor  solvent,  only  a low  concentration  of  the  reacting 
species  will  be  present  and  this  can  increase  the  tendency 
for  intramolecular  reactions,  such  as  the  formation  of 
rings,  to  occur.  The  extent  to  which  this  is  deleterious 
depends  on  the  particular  system  under  consideration  (this 
may  be  seen  if  one  considers,  for  instance,  that  lactams  are 
themselves  used  as  precursors  to  polyamides). 

Concentration,  temperature  and  catalysis  control  the 
rate  of  a polymer  reaction.  This  rate  may  itself  be  of 
considerable  importance  if  any  industrial-scale  preparation 
of  the  polymer  is  anticipated.  However,  in  all  cases 
delicate  balances  will  exist  between  the  affects  these 
factors  have  on  the  main  reaction  and  their  affect  on  side 
reactions;  thus  they  may  also  affect  the  outcome  of  the 
reaction  in  terms  of  molecular  weight  distribution. 

1 • 1 • 3 . 3 Physical  Properties 

The  desciption  of  the  physical  state  of  a polymer  is 
known  as  morphology.  Most  polymers  consist  of  regions  of 
crystalline  solid  intermixed  with  regions  that  are  actually 
highly  viscous  liquid,  these  latter  being  referred  to  as 
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amorphous.  Very  often  the  crystalline  regions  of  the  polymer 
agregate  to  form  larger  areas  of  semi-order  known  as 
spherulites,  because  they  grow  out  from  a nucleation  center. 
Such  regions  are  often  large  enough  to  be  viewed  under  a 
microscope . 

The  extent  of  the  crystallinity  of  a polymer  has 
profound  effects  on  its  bulk  mechanical  and  thermal 
properties.  The  morphology,  in  turn,  can  be  seen  to  arise 
from  the  topology  and  the  degree  to  which  the  structure  is 
conducive  to  regular  packing.  Packing,  which  results  in 
crystalline  regions,  is  aided  by  structural  regularity  and 
compactness  of  the  chain  (lack  of  bulky  pendant  groups, 
etc.)  A degree  of  flexibility  is  also  useful  in  creating  a 
well  packed  structure.  The  other  major  force  towards 
crystalline  packing  is  interactions  between  adjacent  repeat 
units;  these  are  often  dipolar  attractions  or  hydrogen 
bonding . 

Thermal  properties  of  polymers  are  often  complex.  Being 

mixtures,  there  is  usually  no  specific  melting  point. 

However,  characteristic  temperatures  may  often  be  recorded, 

the  glass  transition  temperature  T^  and  the  polymer  melting 

temperature  T . 

m 

I'm  represents  the  melting  point  of  the  crystalline 

regions  of  the  polymer,  while  T^  represents  the  melting 

point  of  the  amorphous  regions.  T^,  when  measured  on  the 

absolute  scale,  is  usually  between  0.5  and  0.7  times  T . 

m 

When  Tg  is  reached  the  appearance  and  properties  of  the 
polymer  change  markedly.  Since  the  spherulites  in  the 
polymer  are  responsible  for  the  reflection  and  refraction  of 
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light,  the  polymer  loses  its  opacity.  Polymers  of  low 
crystallinity  are  generally  found  to  be  glassy  and  brittle 
below  Tg  but  rubbery  between  and  Polymers  of  high 

crystallinity  are  generally  stiff  and  hard  at  all 

temperatures  below  but  tend  to  become  less  brittle  above 

T . 

g 

1-1-3.4  Chemical  properties 

The  chemistry  of  the  polymers  formed  is  generally 
typical  of  the  chemistry  of  the  corresponding  monomers, 

except  that  a reduced  solubility  must  usually  be  taken  into 
account . 

The  polymers  prepared  were  generally  characterized  by 

spectroscopic  techniques  and  elemental  analysis.  Recording 

the  C-NMR  spectra  of  the  polymers  is  often  complicated  by 

long  relaxation  times;  this  requires  a long  acquisition  time 

be  used.  It  was  also  found  to  be  advantageous  in  some  cases 

to  heat  the  solutions  (usually  in  DMSO-d, ) to  100°C  to 

0 

increase  the  rate  of  relaxation. 
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1 • 2 The  Collaborative  Project  with  3M  Co. 

The  present  research  project  into  heterocyclic  polymers 
was  initiated  in  1981.  The  project  was  unique  in  that  it  was 
built  upon  the  complete  collaboration  between  the  group  at 
Florida  and  3 members  of  the  Central  Research  Science  lab  at 
the  3M  company  in  St.  Paul,  Minnesota,  namely  Drs.  Steven  M. 
Heilmann,  Jerald  K.  Rasmussen  and  Larry  R.  Krepski.  Although 
3M  funds  other  academic  projects,  this  marked  the  first  time 
that  one  had  been  set  up  involving  the  active  participation 
of  both  sides  in  a two-way  exchange  of  ideas  and  results. 
This  has  provided  a stimulating  environment  in  which  to  work 
and  has  been  of  considerable  help  to  the  group  in  Florida 
which  was  making  its  first  foray  into  polymers  and  had  to 
build  its  research  strategies  from  the  ground  up. 

Since  the  main  expertise  of  the  Florida  group  was  in 
synthetic  chemistry  and  3M  had  available  all  the  facilities 
required  to  characterize  polymers  and  evaluate  their  utility 
in  many  different  fields  of  application,  it  was  decided  that 
we  should  essentially  approach  polymers  as  synthetic 
targets,  with  emphasis  on  obtaining  useful  molecular 
weights.  This  would  allow  us  to  leave  the  characterization 
and  utility-oriented  testing  of  the  polymers  to  established 
analytical  services  at  3M,  in  much  the  same  way  as  our  close 
collaborators  in  Central  Research  Science  themselves  do. 

A patent  has  been  granted  to  cover  some  aspects  of  the 
work  discussed  in  Chapter  2 [ 86USP4624995 ] . 
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1 . 3 Aims  of  the  Project 

The  aim  of  the  project  was  to  take  reactions  known  to 
form  heterocycles  in  high  yield  and  use  these  to  form 
polymers.  It  was  originally  intended  that  the  heterocycle- 
forming and  polymer-forming  reactions  should  be  one  and  the 
same,  although  we  later  decided  that  this  was  an  unnecessary 
restriction,  particularly  since  most  heterocycle  forming 
reactions  comprise  two  (or  more)  steps,  firstly  a 
condensation  to  form  an  acyclic  backbone  followed  by  a 
cyclization  to  form  the  heterocycle.  When  these  reactions 
are  extended  to  polymer  formation,  the  first  step  forms  the 
polymer  backbone,  whereas  the  latter  cyclization  actually 
leads  to  the  heterocycle.  This  scheme  has  the  advantage  that 
we  may  employ  well  known  high-yielding  reactions,  such  as 
the  formation  of  polyamides,  polyesters,  etc.,  to  set  up  a 
suitably-functionalized  backbone  that  can  then  be  caused  to 
undergo  a cyclization  to  give  the  heterocycle.  This  second 
step  may  not  be  particularly  critical  in  that  it  may  not  be 
important  to  the  properties  of  the  polymer  if  a few  groups 
remain  uncyclized. 

The  target  molecules  of  our  synthetic  projects  were 
chosen  to  lead  to  structures  whose  chemical  or  physical 
properties  might  be  interesting.  While  some  idea  of  the 
possible  properties  could  be  implied  at  the  start  by 
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considering  related  polymers  and  the  chemical  properties  of 
the  functional  groups  present,  it  was  never  the  goal  of  the 
project  to  achieve  any  particular  property  or  to  prepare 
polymers  for  any  particular  use.  Instead,  the  approach  was 
to  prepare  the  polymers  first  and  then,  after  a brief 
determination  of  their  properties,  to  test  them  in  as  wide  a 
range  of  applications  as  possible,  guided  by  a knowledge  of 
the  chemistry  involved. 


CHAPTER  2 

POLYMERS  CONTAINING  THE  [ 2H ] -1 , 2 , 4-TRIAZOLINE- 3-THIONE 

RING 

2 . 1 General  Introduction 
2.1.1  Uses  of  [ 2H ] -1 , 2 , 4-Tr iazol ine-3-thiones 


[ 2H ] -1 , 2 , 4-Triazoline-3-thiones  (2.1)  and  related 
dimers  (2.2)  have  found  many  uses  in  recent  years  in  such 
diverse  fields  as  agrochemistry,  pharmacy,  electroimaging 
and  photography.  They  are  particularly  ubiquitous  in  the 
photographic  industry,  finding  a place  in  nearly  every 
commonly  used  photographic  system.  It  therefore  seems 
surprising  that  little  interest  has  been  taken  in  polymers 
containing  this  moiety  (2.3).  Such  polymers  could  be 
expected  to  combine  the  high  thermal  and  oxidative  stability 
that  is  already  known  for  simple  triazole  polymers  [69MI1] 
with  the  special  chemical  properties  of  the 
[ 2H ] -1 , 2 , 4- t r i azol ine-3- thi one s ring  (Figure  2.1). 
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N NH 


HN N N NH 


Note:  The  following  designations  apply  throughout  this 
Chapter.  Where  two  of  the  groups  R,R',X,Y  are  present,  the 
number  is  followed  by  two  letters,  the  first  indicating  R or 
X,  the  second  R'  or  Y. 

R:  R'  : 

a:Ph;  b:n-Bu;  c : PhCH2  a:Ph;  b:Me. 

X: 

a:(CH2)g;  b:(CH2)2;  c:(CH2)3  d :p-CgH^-o-2-CgH^ ; e:£-CgH^ 

2 
2 

a:p-CgH^;  b:m-CgH^;  c:(CH2)4;  d:CH20CH2;  e cNaO^S-^^Q^ 

Figure  2.1 


f : ( CH2 ) ^2  ' 


g:CH, 


2' 


Many  uses  of  monomeric  triazolinethiones  2.1  and  dimers 
2.2  in  the  photographic  industry  can  be  found  in  the  patent 
literature.  A patent,  issued  to  Fuji,  describes  the  use  of 
thirteen  compounds  of  structure  2.1  to  inhibit 
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overdevelopment  of  the  top  layer  of  a color  film  during  fast 
color  development  at  high  temperature  [ 70GEP1935310  ] . 

A German  patent  issued  to  Agfa-Gevaert  claims  that  the 
use  of  compounds  of  structures  2.1  and  2.2  during  the 
development  of  photographic  emulsions  increases  image 
stability  during  prolonged  storage  under  adverse  climatic 
conditions  [ 70GEP1919045 ] . Meanwhile  another  patent  issued 
to  Agfa— Gevaert  describes  that  while  these  compounds  had 
been  previously  patented  as  anti— bronzing  agents 
[ 47USP2342505 ] , in  higher  concentrations  they  actually 
accelerate  the  silver  halide  diffusion  transfer  process 
either  by  addition  to  the  developing  solution  or  when  coated 
on  the  paper  [ 63GEP1153247 ] . 

The  use  of  bis ( triazolinethiones ) (2.2)  as  antibronzing 
agents  is  described  in  a French  patent  application  from 
Agfa,  who  report  that  these  compounds,  present  either  in  the 
emulsion  or  another  layer  of  the  material  in  concentrations 
of  0.5  to  2.5  g/mole  of  silver  halide  prevented  color 
changes  or  loss  of  density  during  hot  drying  of  the 
developed  image  [ 69FRP2004995 ] . 

The  use  of  triazolinethiones  as  bleaching  accelerators 
in  color  photographic  treatments  has  also  been  described 
[78MI1].  The  use  of  compounds  2.1  as  a toner  for 
photographic  processes  involving  the  silver  salt  of 
benzotr iazole  to  allow  thermal  development  has  also  been 
reported  [ 74GEP2321218  ] . 
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The  usual  method  of  treating  a photographic  emulsion  is 
to  add  the  compound  to  the  developing  solutions  at  a low 
concentration.  This  process  is  of  course  relatively 
unselective  when  employed  with  the  multi-layered  emulsions 
now  common  in  color  photographic  processes.  Polymers  2.3 
would  have  the  advantage  that  they  could  be  added  to  a 
single  layer  of  the  emulsion  when  it  was  made,  thus  allowing 
selective  treatment  of  a single  layer  in  such  a multi- 
layered photographic  emulsion,  since  the  polymeric  nature  of 
these  additives  would  be  expected  to  make  them  non- 
migratory.  A report  of  the  use  of  compounds  2.1  in 
compositions  for  electrorecording  materials  [ 78 JAP ( K ) 1 3 3 0 4 1 ] 
lays  open  many  interesting  possibilities  in  photocopying  and 
related  fields. 

Another  possible  use  envisaged  for  triazolinethione 
polymers  is  as  a surface  treatment  for  polyamide  sheets  and 
fibers.  There  are  fewer  patent  examples  in  this  field, 
although  poly ( N-aminotriazoles ) are  reported  to  increase  the 
dyeability  of  polypropylene  compositions  [71JAP27865, 
71JAP27582].  The  basic  idea  is  to  coat  the  polymer  onto  the 
surface  of  nylon  and  similar  fibers  and  sheets. 

Alternatively  compounding  of  the  polymers  or  even 
copolymerization  techniques  may  also  be  used.  The  purpose  of 
the  coating  is  to  give  the  polymer  a reactive  surface.  The 
surface  could  be  alkylated  to  afford  a hydrophilic  surface 
which  should  then  be  able  to  react  easily  with  various 
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nucleophiles.  This  may  be  used  to  add  dyestuffs  to  the 
surface,  thus  enhancing  the  dyeability  of  the  material. 

A patent  issued  to  Hitachi  describes  the  addition  of 
triazoles  to  thermosetting  resins  used  to  coat  copper 
surfaces  and  related  alloys.  This  is  reported  to  afford 
improved  " rust"-resistance  and  electrical  insulation 
properties  [ 77 JAP ( K ) 68230 ] . The  C=S  bond  present  in  these 
polymers  should  afford  good  coordination  to  the  metallic 
surface  while  the  polymeric  nature  of  the  compounds  should 
provide  for  better  surface  adhesion.  Thus  these  materials 
show  considerable  potential  as  additives  for  paints, 
lacquers  and  resins. 

The  ability  of  these  polymers  to  complex  metal  ions 
might  also  lead  to  a number  of  uses,  such  as  the  ability  to 
remove  heavy  metals  from  solution  using  an  insoluble  polymer 
and  then  simply  filter  them  out  of  the  solution. 

2.1.2  Synthetic  Approaches  to  the  [ 2H ] -1 , 2 , 4-Triazoline- 
3-thione  Ring 

Three  approaches  to  the  [ 2H]-1 , 2 , 4-triazoline-3-thione 
ring  are  common  in  the  literature.  Weidinger  and  Kranz  have 
reported  that  while  the  reaction  of  thiosemicarbazides  (2.4) 
with  imidoester  hydrochlorides  (2.5)  generally  leads  to 
thiadiazoles  (2.6),  when  pyridine  is  used  as  solvent,  the 
product  is  a 4 , 5-di substi tuted  ( 2H ]-l , 2 , 4-triazoline- 
3-thione  (2.1)  [63CB1059]  (Scheme  2.1). 
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NH.HCl 
1 " 

RNHCSNHNH,  + R -COEt  - 
2.4  ^ 2.5 


EtOH 


Pyridine 


N- — N 


->  RHN-^ 

's 

2.6 


N NH 


Scheme  2.1 


The  reaction  of  thiosemicarbazides  (2.4)  with  acid 
chlorides  (2.7)  was  discovered  by  Pulvermacher  in  1894, 
although  he  did  not  identify  the  product  [1894CB622].  Later 


workers  identified  the  product  as  2.1  and  also  isolated  the 
intermediate  acylthiosemicarbazide  (2.8)  that  Pulvermacher 
was  actually  trying  to  prepare  [ 1896CB2914 , 01JCS659 ] . The 
acylthiosemicarbazide  (2.8)  has  also  been  approached  by  the 
reaction  of  an  isothiocyanate  (2.9)  with  an  acid  hydrazide 
(2.10)  [56ZOB2583]  (Scheme  2.2). 


RNHCSNHNH2 

+ 

R^COCl 


2.4 


> 

2.7 


RNHCSNHNHCOR^ 

2.8 


< 


RNCS  2.9 
+ 

R^C0NHNH2  2.10 


Scheme  2.2 
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2*1*3  Previously-reported  polymers  containing  the 
[ 2H ] -1 , 2 , 4-Tria2oline-3-thione  Ring 

Three  mentions  of  polymers  containing  the 
[ 2H ] -1 , 2 , 4- t r iazol ine-3- thione  ring  may  be  found  in  the 
literature.  In  two  of  these  the  triazoline  moeity  was 
preformed  and  then  substituent  groups  were  used  in 
polymerization  reactions. 

Thus,  Simionescu  ^ prepared  4-substi tuted 
5-isoprenyl- [ 2H ] -1 , 2 , 4-triazoline-3-thiones  (2.11)  and 
carried  out  a radical  polymerization  (260°C  10  h)  to  obtain 
a polyalkene  chain  with  pendant  [ 2H ] — 1 , 2 , 4— t r iazol ine— 
3-thione  groups  (2.12)  [75ACH459]  (Scheme  2.3).  Artemov  and 
coworkers  prepared  2 , 4-di glycidyl- [ 2H ] -1 , 2 , 4- t r i azol ine- 
(2.13)  which  they  subsequently  used  as  monomers 
for  epoxy  resins  (2.14)  [ 78RPA765267 ] (Scheme  2.4). 


Scheme  2 . 3 
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Scheme  2 . 4 

Shtil  man  e t a 1 . have  prepared  low  molecular  weight 
alJcylene  polyacylthiosemicarbazides  (2.15)  by  the  reaction 
of  di i so thi ocyana te s (2.16)  or  their  precursors  with 
bis(acid  hydrazides)  (2.17)  [68VS2435].  They  report,  giving 
few  details  and  only  one  example,  that  on  heating  for  "a  few 
hours  at  200°C  jji  vacuo , their  polyacylthiosemicarbazides 
(2.15)  ring-closed  to  poly- [ 2H ] -1 , 2 , 4-t r iazol ine-3- thiones 
(2.3),  which  they  describe  as  soluble  only  in  base.  We  now 
believe  that  these  products  were  probably  partially  cross- 
linlced  by  side  reactions  under  the  harsh  reaction  conditions 
employed . 
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2.2  Results  and  Discussion 


2.2.1  Introduction 


We  considered  three  possible  approaches  to  the  polymer 
corresponding  to  the  three  methods  of  preparing  the  ring 
system  discussed  earlier,  intending  to  produce  a 
condensation  or  addition  polymer  with  the 

[2H]-l,2,4-triazoline-3-thione  ring  as  part  of  the  backbone. 

We  considered  modification  and  extension  of  the 
approach  of  Shtil'man  e t a 1 . , hoping  to  cyclize  the 
polyacylthiosemicarbazide  (2.15)  under  mild  conditions. 
Alternatively  we  considered  the  preparation  of  2.15  by  the 
acylation  of  a bi s ( thiosemi ca rbaz ide ) (2.17)  with  a bis(acid 
chloride ) (2.19). 

2.2.2  Weidinger-Kranz  Approach 

We  also  wished  to  investigate  the  extension  of  the 
Weidinger-Kranz  method  to  polymers  by  reacting  2.18  with 
bis(ethyl  imidoester  hydrochlorides )( 2 . 20 ) . We  tested 
initially  the  applicability  of  the  one-step  Weidinger-Kranz 
reaction  to  polymer  formation  and  set  out  to  determine  its 
generality.  Ethyl  benzimidoate  hydrochloride  (2.5a)  and 
ethyl  acetoimidoate  hydrochloride  (2.5b)  were  prepared  by 
the  method  of  Pinner  from  the  corresponding  nitriles 
(2.21a-b)  [1883CB1654]  (Scheme  2.5). 


36 


NH.  HCl 
II 


R-CN 

> 

R-C-OEt 

EtOH 

2.21 

2.5 

a:  R=  Ph  ; b; 

R=  Me 

Scheme  2 

.5 

4-Phenylthiosemicarbazide  (2.4a)  was  prepared  from 
the  comme rcially-avai lable  phenyl  isothiocyanate  (2.9a)  with 
hydrazine  hydrate  in  ethanol  [57CJC832].  We  used  the  method 
of  Schmidt  ^ which  involves  the  conversion  of 

n-butylamine  (2.23)  to  the  dithiocarbamate  salt  (2.24)  and 
its  subsequent  oxidation  to  prepare  n-butyl  isothiocyanate 
(2.9b)  [89%]  [ 55LA( 594 ) 233 ] . Attempts  to  prepare  benzyl 
isothiocyanate  (2.9c)  in  an  analogous  manner  were  not 
successful,  but  2.9c  was  made  in  36%  yield  from  benzyl 
chloride  by  treatment  with  potassium  thiocyanate  in  DMF 
[67AEV225].  Treatment  of  2.9b  and  2.9c  with  hydrazine 
hydrate  yielded  respectively  4-n-butylthiosemicarbazide 
(2.4b)  and  4-benzylthiosemicarbazide  (2.4c)  in  good  yield 
( Scheme  2.6). 
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Scheme  2.6 


Using  thiosemicarbazides  2.4a-c  and  ethyl  imidoester 
hydrochlorides  2.5a-b  we  tested  the  generality  of  the 
Weidinger-Kranz  reaction  using  the  reported  conditions 
(Scheme  2.1);  the  results  are  given  in  Table  2.1.  From  these 
experiments  we  concluded  that  the  yield  of  2.1  is  not  very 
dependent  on  the  substitution  of  the  thiosemicarbazide  2.4 
but  that  aromatic  ethyl  imidoester  hydrochlorides  (2.5)  are 
requi red . 
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Table  2.1 

[ 2h]-1 , 2 , 4-Triazoline-3-thiones  by  the 
Weidinqer-Kranz  Meth^ 


R 

LI 

% 

Yield 

mp 

Lit  mp 

rc]_ 

Lit 

Comments 

n-Bu 

Me 

0 

— 

— 

- 

no  product 

PhCH2 

Me 

32 

159-160 

155 

a 

white  solid 

Ph 

Me 

0 

— 

— 

- 

no  product 

n-Bu 

Ph 

75 

116-118 

130-131 

b 

oil : crystallized 
to  white  solid 

PhCH2 

Ph 

82 

169-170 

— 

c 

white  solid 

Ph 

Ph 

86 

273-276 

277-278 

d 

white  solid 

a:  62FRP1273881 , 

b:69JPSl398 

, c:78EJP201, 

d:63CBl059 

As  the  bis( thiosemicarbazide ) component  we  first  used 
the  hexamethylene  derivative  2.18a  prepared  from 
1 , 6-diisothiocyanatohexane  (2.16a).  1 , 6-Diaminohexane 
(2.25a)  was  converted  to  the  corresponding 
bis(dithiocarbamate  salt)  (2.26a),  treated  with  ethyl 
chloroformate  to  give  the  adduct  2.27a  and  finally  heated  to 
give  2.16a  [ 55HOU( 9 ) 870 ] (Scheme  2.7).  An  alternative 
method,  [75CPB663]  that  appeared  attractive,  the  treatment 
of  1 / 6-di chlo r ohexane  with  potassium  thiocyanate  in  DMF 
produced  a mixture  of  products  which  contained  ca.  90% 
thiocyanate  and  10%  isothiocyanate  groups  on  the  basis  of 


C-NMR  (Scheme  2.8) . 
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(CH2)g(NHCSSK)2 

2.26a 


ClCOOEt 


(CH2)g(NCS)2 

2.16a 


< (CH,),(NHCSSCOOEt)^ 

-COS  ° ^ 

-EtOH  2.27a 


Scheme  2 . 7 


(CH^jeCi^ 
2 . 28a 


KSCN 

> 

DMF 


/w*«r-SCN  + ~A«N-NCS 
9 : 1 

Scheme  2.8 


In  a model  study  we  reacted  bis ( thiosemicarbazide ) 
2.18a  with  monoimidoeste r 2.5a  to  give  the  expected  dimer 
2.29aa  (Scheme  2.9).  The  product  was  characterized  by 
elemental  analysis  and  ^H-NMR  spectroscopy. 


NH.HCl 

X(NHCSNHNH2)2  + R-(^OEt 
2.18a  2.5a 


R 


2 . 29aa 


Scheme  2.9 


We  prepared  two  isomeric  aromatic  bi s ( imidoeste r 
hydrochlorides)  (2.20a,b)  from  1 , 4-di cyanobenzene  (2.30a) 
and  1 , 3-dicyanobenzene  (2.30b)  respectively.  They  had  been 
previously  reported  by  Zaitseva  e_t  al.  [ 6 4 JGU3 7 58  ] and  Sanui 
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et  al . [71PJ789].  We  found  the  latter  method  preferable  in 
practice  (Scheme  2.10). 


2.30a 


HCl 

Eton 


2.20a 


NH.HCl 

II 

COEt 


2.30b 


NH.HCl 

II 


NH . HCl 

2.20b 


Scheme  2.10 

Neither  previous  group  describes  the  purification  of 
these  salts.  We  found  these  salts  to  lose  hydrogen  chloride 
and  decompose  on  standing  or  when  attempts  were  made  to  dry 
or  recrystallize  them.  As  these  salts  were  not  obtained  in 
the  purity  needed  to  prepare  polymers  of  high  molecular 
weight  we  abandoned  this  approach. 


2.2.3  Preparation  via  Polyacylthiosemicarbazides 

We  next  approached  the  problem  of  the  formation  of  the 
desired  heterocyclic  polymer  by  attempting  the  isolation  of 
a polymeric  acylthiosemicarbazide  (2.15)  and  subsequent  ring 
closure,  examining  the  two  possible  methods  discussed  above. 


41 


Terephthalic  acid  dihydrazide  (2.17a)  and  isophthalic 
acid  dihydrazide  (2.17b)  were  prepared  by  the  methods  of 
Campbell  £t  [59JAPS155]  from  dimethyl  te r ephthalate  and 

dimethyl  isophthalate  respectively  with  hydrazine  hydrate  in 
refluxing  toluene  (Scheme  2.11).  Benzoic  acid  hydrazide 
(2.10a)  was  prepared  in  an  analogous  manner. 


MeOOC 


COOMe 


COOMe 


COOMe 


N2»4’»2Q 

PhMe 


> H2NHNOC 


PhMe 


CONHNH, 


2.17a 

CONHNH, 


CONHNH. 


2.17b 


PhCOOMe 


PhMe 


PhCONHNH. 
2.10a  ' 


Scheme  2.11 


Reaction  of  terephthalic  acid  dihydrazide  (2.17a)  with 
n-butylisothiocyanate  (2.9b)  at  100°C  in  DMSO  under  nitrogen 
for  Ih  gave  the  expected  bi s ( thiosemi carbazide ) 2.31ab  in 
99%  yield,  the  IR  spectrum  of  which  was  identical  to  the 
product  formed  in  63%  yield  from  te rephthaloyl  chloride 
(2.19a)  and  4-n-butylthiosemicarbazide  (2.4b)  (Scheme  2.12). 
Similarly,  reaction  of  1 , 6-diisothiocyanatohexane  (2.16a) 
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with  benzoic  acid  hydrazide  (2.10a)  led  to  dimeric 

bis ( thiosemicarbazide ) 2.31aa  in  87%  yield.  The  same  product 

was  obtained  in  57%  yield  from 

1 , 6-hexanebis ( thiosemicarbazide ) (2.18a)  with  benzoyl 

chloride  (2.7a)  (Scheme  2.12). 

Cyclization  of  the  dimeric  thiosemicarbazides  2.31aa 
and  2.32ab  by  refluxing  in  IM  sodium  hydroxide  solution  gave 
the  expected  bis ( [ 2H ] -1 , 2 , 4-tr iazol ine-3-thiones ) 2.2aa  and 
2.29ab  as  white  solids  (Scheme  2.12).  The  structure  was 
confirmed  by  analysis  and  spectroscopically.  The  strong 
carbonyl  bands  observed  in  the  infrared  spectra  of  2.31aa 
and  2.32ab  were  found  to  be  absent  for  2.2aa  and  2.29ab. 


RNHCSNHNH- 
2.4  ^ 


Y( COCl ) , 
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+ 
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Scheme  2.12 


The  reactions  of  diisothiocyanates  (2.16)  with  bis(acid 
hydrazides)  (2.17)  to  give  polyacylthiosemicarbazides  (2.15) 
followed  by  cyclization  to  the  desired  2.3  thus  appeared  to 
be  the  best  approach,  and  in  particular,  better  than  the 
alternative  approach  from  2.18  and  2.19  (Scheme  2.13). 
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Scheme  2.13 
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Reaction  of  2.16a  with  2.17b  indeed  led  to  a polymer 
2.15ab  with  the  encouraging  inherent  viscosity  of  0.58  dL/g 
(DMF  03O°C).  Although  initial  attempts  to  cyclize  this 
polymer  in  IM  sodium  hydroxide  led  to  low  molecular  weight 
^^terials,  presumably  due  to  base-catalysed  hydrolysis,  use 
of  the  milder  base,  sodium  carbonate,  led  to  the  desired 
polymer  2. Sab  with  an  inherent  viscosity  of  0.29  dL/g. 

To  prepare  further  examples  of  this  pcjlymer  system 
further  starting  materials  were  necessary.  Adipic  acid 
dihydrazide  (2.17c)  and  diglycolic  acid  dihydrazide  (2.17d) 
were  prepared  from  the  corresponding  ethyl  esters. 
5-Sodiumsulfonatoisophthalic  acid  dihydrazide  (2.17e)  was 
donated  by  Dr.  W.  Larson  ( 3M  Co.). 

Attempts  to  extend  the  method  used  for  2.16a  to  prepare 

1 . 2- diisothiocyanatoethane  (2.16b)  or 

1 . 3- di i sothiocyanatopropane  (2.16c)  resulted  in  no  success. 
Binder  and  Tritthart  report  that  the  use  of  a vibrator  for 
more  efficient  mixing  increased  their  yield  of  2.16b  from  7% 
(stirring)  to  69%  [ 73ZN( B ) 530 ] . However,  in  our  hands,  use 
of  an  ultrasonic  vibrator  gave  red  oils,  these  decomposing 
to  black  solids  on  distillation  vacuo . In  view  of  these 
difficulties  we  therefore  turned  to  the  reaction  of  diamines 
with  thiophosgene  [ 66NEP6517099 ] to  prepare  the  remaining 
diisothiocyanates  (Scheme  2.14). 
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X=aromati c 
ClCSCl 

X(NH^)^  > X(NCS), 

2.25  ^ CaCO,/H^O  2.26 

1)HC1  2 )ClCSCl/CaC03/H20 

X=aliphatic 

Scheme  2.14 

4 , 4 '-Diisothiocyanatodiphenyl  ether  (2.16d)  and 
1 , 4-di isothiocyanatobenzene  (2.16e)  were  prepared  by  this 
method  (65  and  62%  respectively  from  4 , 4 ' -oxybi sani 1 ine 
(2.25d)  and  1 , 4-diaminobenzene ( 2 . 25e ) . Aliphatic  amines 
react  more  slowly  and  the  reaction  is  carried  out  on  the 
hydrochloride  salts;  using  a method  reported  for  the 
preparation  of  2.16a  [ 55HOU( 9 ) 876 ] , we  prepared 

1 . 3- diisothiocyanatopropane  (2.16c)  [31%], 

1 , 12-diisothiocyanatododecane  (2.16f)  [36%], 

bis( 4-isothiocyanatocyclohexyl )methane  (2.16g)  [51%]  and 

1 . 3- bis ( isothiocyanatomethyl ) cyclohexane  (2.16h)  [42%].  We 
were  unable  to  isolate  2.16b  by  this  method. 

Polymers  2.15ab,  2.15ac,  2.15ad  and  2.15ae  were 
prepared  by  heating  2.16a  with  the  appropriate  acid 
hydrazide  2.17b-e  in  dry  DMSO  at  100°C  for  1 h under  a 
nitrogen  atmosphere.  That  the  DMSO  be  dry  was  found  to  be 
very  important:  water  present  can  presumably  hydrolyze  the 
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isothiocyanate  groups,  and  we  found  that  unless  the  DMSO 
used  was  dried  over  molecular  sieves  before  use,  the 
inherent  viscosity  of  the  polymer  produced  was  significantly 
reduced.  Polymer  2.15ae  was  water  soluble  as  expected  and 
was  therefore  isolated  by  precipitation  into  benzene. 
Similarly,  polymers  2.15cb,  2.15db,  2.15eb,  2.15fb,  2.15gb 
and  2.15hb  were  prepared  from  2.17b  and  the  appropriate 
di i sothiocyanate  (2.16c-h).  Table  2.2  gives  the  properties 
of  polymers  2.15. 

All  polymers  2.15  were  cyclized  by  refluxing  Ih  in 
dilute  base.  The  polymers  dissolved  and  were  recovered  by 
precipitation  with  dilute  acid.  Water  soluble  polymer  2.15ae 
was  cyclized  by  refluxing  with  aqueous  ammonia;  the  solvent 
and  ammonia  were  then  removed  iji  vacuo . In  all  cases  the 
polymers  produced  were  sufficiently  soluble  (>0.5  g/dL)  in 
DriF  at  30°C  for  inherent  viscosity  measurements  to  be 
conducted  in  the  normal  manner.  Properties  of  polymers  2.3 
are  given  in  Table  2.3 

^^C-NMR  spectra  of  the  polymers  2.15  and  2.3  were 
consistent  with  the  proposed  structures.  Typical  are  those 
shown  in  Figure  2.2,  for  2.15ab  and  2.3ab.  In  the  case  of 
the  uncyclized  2.15ab  (Spectrum  A),  the  N-C(=S)-N  peak  is 
seen  at  5181  and  the  C=0  peak  at  5162.  In  the  ring  closed 
polymer  2,3ab  (Spectrum  B),  the  C=S  peak  is  seen  at  5154  and 
the  C=N  peak  at  5171  (Figure  2.2).  The  strong  carbonyl  band 
visible  in  the  IR  spectrum  of  2.15ab  was  absent  in  that  of 
2.3ab.  Tables  2.4  and  2.5  summarize  the  ^^C-NHR  spectra  of 
polymers  2.3  and  2.15  respectively. 


Properties  of  Polyacylthiosemicarbazides  (2.15) 


47 


CO 

VO 

on 

vO 

CM 

on 

CO 

Mf 

CM 

0 

CD 

(TV 

CM 

CM 

VO 

d 

VO 

CN 

CM 

CM 

CM 

1-H 

1-H 

CM 

1-H 

-0 

c 

VO 

m 

CO 

VO 

VO 

CO 

m 

CO 

VO 

D 

s 

• 

• 

0 

Cxm 

iT) 

m 

m 

on 

on 

on 

VO 

VO 

un 

u 

VO 

0 

m 

ON 

CM 

-4- 

1-H 

Ov 

0 

• 

• 

CO 

vO 

00 

vO 

>3* 

m 

CO 

on 

on 

m 

m 

m 

CO 

•H  05 
CO  fH 
>>  D 
E 
u 

c o 

<5  U4 


Z 

T3 

q; 

4-) 

C3 

•-H  a: 
=3  as? 
u 

rH 

(TS 

o o 


bo  O 


2: 


bO 

\ 

U 

“O 

> 


X 


-o 

CL 

E 

O 

u 


m 

CO 


CM 

CM 

CM 

CM 

m 

CM 

CM 

CM 

CM 

CM 

CM 

C/2 

CO 

CO 

CO 

0 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

on 

d 

CM 

CM 

CM 

CM 

CM 

0 

0 

0 

0 

z 

0 

0 

0 

0 

0 

0 

VO 

vO 

vO 

vO 

vO 

VO 

vO 

vO 

vO 

vO 

vO 

z 

z 

Z 

z 

z 

z 

z 

Z 

z 

z 

Z 

CM 

CM 

VO 

CM 

vO 

z 

CM 

Mf 

>4* 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

on 

m 

CM 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

z 

z 

Z 

VO 

vO 

CM 

'O 

m 

CM 

vO 

on 

CM 

CO 

rH 

t— H 

rH 

rH 

CM 

rH 

CM 

CM 

rH 

CJ 

CJ 

a 

0 

0 

CJ 

0 

CJ 

CJ 

CJ 

u 

on 

on 

un 

CM 

ON 

ON 

VO 

CO 

CM 

vO 

0 

rH  rH 

CM 

on 

vO 

on 

r-. 

rH 

d 

CM 

CM 

CM 

C^J 

rH 

CM 

rH 

CM 

^H 

rH 

CM 

VO 

vO 

0 

^H 

cn 

vO 

CO 

VO 

CM 

CO 

m 

in 

VO 

on 

on 

VO 

un 

CTv 

r««. 

02 

CM 

m 

CM 

CO 

00 

ON 

CO 

m 

ON 

vO 

un 

rH 

on 

on 

un 

un 

un 

un 

vO 

CO 

0 

ON 

ON 

rH 

vO 

1 

t 

ON 

rH 

1 

1 

0 

0 

0 

rH 

^H 

rH 

rH 

rH 

^H 

on 

on 

on 

on 

on 

on 

on 

u 

Cd 

u 

Cd 

Cd 

Cd 

Cd 

Cd 

Cd 

CM 

on 

1 

1 

CO 

CM 

CM 

CM 

00 

CO 

VO 

on 

on 

CO 

CM 

rH 

^H 

rH 

CO 

00 

rH 

CO 

CO 

un 

un 

on 

un 

on 

rH 

0 

0 

0 

rH 

CM 

rH 

rH 

00000000000 


CN 


Properties  of  Poly( f 2H ] -1 , 2 , 4- triazoline-3- thiones)  (2.3) 


48 


2 

ON 

CO 

CO 

ON 

'<r 

Ov 

m 

m 

CO 

CM 

CM 

d 

CM 

VO 

>5* 

VO 

CO 

VO 

Cv 

CM 

CM 

CM 

CM 

1-H 

CM 

1-H 

rH 

C 

3 as 

o 

m 

CM 

rn 

VO 

CM 

m 

o ass 
u. 

m 

m 

VO 

VO 

m 

rn 

rn 

m 

VO 

VO 

tn 

o 

CM 

CJ> 

o 

CO 

CM 

CM 

CM 

f-H 

d 

CM 

ON 

d 

CO 

LD 

d 

o 

i/D 

m 

CO 

un 

m 

m 

in 

(A 

(TJ 

CO  rH 

3 

^ S 
rr]  u 
c 


bo 

XJ 


CNJ 

C/D 

VO 

2 

CO 

1-H 

a: 


CSJ 

CO 

VO 

2 

CO 

as 

VO 


CN 

CO 

2 

CN] 

CM 

S 


CM 

CO 

o 

2 

CO 

1-H 

s 

CM 


cO 

CO 

m 

o 

2 

vO 

2 

rH 

s 

vO 


CM 

CO 

vO 

2 

CM 

tH 

2 

r-) 


CM 

CO 

o 

vO 


rc 

CM 


CM 

CO 

vO 

2 

O 


vO 


CM 

CO 

vO 

2 

CO 

C'J 

2 

rO 


CM 

CO 

VO 

2 

O 

cn 


CM 

CO 

vO 

2 

O 

CM 

as 


; o 

rH 

f-H 

iH 

rH 

^H 

tH 

CM 

CM 

CM 

: Cb 

CJ 

o 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

2 

m 

m 

ON 

CO 

m 

VO 

o 

VO 

VO 

o 

C3N 

rn 

rn 

Mf 

d 

CO 

VO 

Ov 

rn 

CO 

ON 

CM 

CM 

CM 

CM 

iH 

CM 

iH 

CM 

iH 

iH 

CM 

(U 

H 

(TJ 

iH 

tH 

VO 

VO 

CO 

CM 

m 

CM 

00 

CM 

D 

o 

in 

m 

VO 

m 

m 

m 

m 

vr 

vD 

VO 

in 

^H 

n3 

O CJ 

VO 

VO 

lH 

m 

ON 

o 

CM 

Sv? 

m 

m 

ON 

<-H 

ON 

ON 

rn 

ON 

vO 

m 

m 

'd* 

^d* 

-d* 

m 

in 

VO 

in 

in 

CM 

m 

ON 

CO 

CO 

CO 

vO 

bo  O 

O 

O 

o 

t 

I 

iH 

CM 

o 

CM 

«H 

fH 

«H 

iH 

'w' 

m 

rn 

m 

m 

rn 

rn 

u 

Cd 

u 

w 

u 

CxD 

u 

u 

Ov 

m 

1 

1 

1 

C^J 

in 

^H 

CO 

o 

CM 

'd’ 

CM 

CO 

m 

CM 

iH 

Cv 

^H 

CO 

CO 

>d* 

in 

CM 

m 

VO 

CM 

CM 

m 

rH 

o 

o 

o 

«H 

C^4 

lH 

iH 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

X 


-o 

CL 

B 

O 

o 


NaO 


49 


rvj 

(N 

<N 

CM 


<N 


o tn 


in 


fS 


<N 

<U 

r— I 

X3 

H 


<D 

TJ 

•H 

N 

(0 

XI 


(0 

o 

•H 

a 

0) 

w 

o 

•H 

X 

4-1 

f“H 

>1 

o 

>1 


o 

cu 


144 

o 


w 

(0 

<u 

cu 


0) 

x; 

4-1 

o 


(1) 

T3 


fO 

14 

4J 

u 

OJ 

a 

w 

P5 

s 

2 

I 

U 


N 

(0 

X 

U (U 
fO  3 
U T) 

•H  tH 

e w 

OJ  (U 

10  u 

o 

•H 

X 

H 


>4 


XI 

Q. 

e 

o 

u 


ro 

as 

LO 

• 

rg 

rg 

LT) 

o 

ro 

rg 

rg 

00 

• 

• 

1—1 

• 

• 

in 

in 

as 

VO 

rg 

rsj 

in 

rg 

rg 

ro 

r- 

ro 

VO 

ro 

00 

00 

• 

• 

rg 

• 

rg 

rH 

• 

• 

VO 

• 

CO 

1—1 

1“^ 

o 

OD 

CN 

(N 

in 

rg 

rg 

rg 

o 

LO 

t-H 

r- 

ld 

• 

• 

CO 

• 

• 

CO 

• 

r- 

• 

• 

(N 

O 

• 

o 

rg 

<N 

ro 

rg 

1^ 

1— f 

T— 1 

LO 

rg 

v£) 

o 

• 

1—1 

1— 1 

ro 

ro 

VO 

• 

• 

rg 

• 

• 

• 

• 

• 

VO 

r- 

rg 

• 

r- 

LD 

r- 

VO 

CN 

rg 

ro 

<N 

rg 

rg 

rg 

rg 

1-H 

o 

00 

rH 

1— < 

rH 

iH 

tH 

rg 

VO 

o 

00 

rg 

ro 

VO 

• 

• 

rg 

rg 

■ 

• 

• 

• 

• 

r- 

r- 

00 

00 

(N 

rg 

r- 

rg 

rg 

rg 

rg 

rg 

rg 

»— 1 

rH 

* 

• 

1-H 

tH 

rH 

T— 1 

iH 

iH 

00 

VO 

ro 

VO 

rg 

rg 

tH 

rg 

rg 

as 

00 

00 

as 

CO 

rg 

o 

VO 

00 

o 

00 

<N 

rg 

* 

• 

ro 

ro 

ro 

rg 

ro 

rg 

rg 

ro 

tH 

i*H 

1—1 

rH 

iH 

rH 

ro 

O 

VO 

LD 

O 

rg 

1 — 1 

00 

* 

• 

VO 

o 

• 

• 

• 

• 

• 

• 

<T» 

r-H 

• 

• 

CO 

rg 

o 

ro 

o 

m 

ro 

ro 

rg 

ro 

in 

ro 

ro 

ro 

rH 

1-H 

VO 

1—1 

1— ^ 

1^ 

iH 

iH 

iH 

rg 

rg 

CO 

rg 

as 

rg 

rg 

rg 

\n 

as 

rg 

• 

• 

• 

, . 

LO 

rg 

iH 

CO 

LO 

O' 

LO 

LO 

<N 

1 

VO 

VO 

r- 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

iH 

iH 

tH 

iH 

iH 

iH 

iH 

iH 

f 

O 

O 

LO 

LO 

rg 

00 

rg 

iH 

iH 

iH 

rg 

rg 

CO 

O 

iH 

o 

T 

00 

CO 

00 

00 

00 

00 

O' 

00 

00 

CO 

rg 

iH 

iH 

iH 

iH 

iH 

rH 

iH 

iH 

rH 

iH 

a 

u 

rg 

, , 

a: 

X 

cd 

D3 

u 

ai 

a: 

a: 

a 

a 

VO 

VO 

rg 

o 

(tJ 

VO 

VO 

VO 

VO 

VO 

u 

u 

a: 

rg 

u 

u 

u 

u 

U 

1 

1 

QJ 

1 

u 

a: 

1 

1 

1 

1 

61 

u 

HI 

61 

61 

61 

61 

O 

rg 

rg 

VO 

VO 

VO 

VO 

VO 

ro 

— V 

iH 

' — 

' — ' 

- — ' 

-—V 

- — . 

a 

- — . 

rg 

rg 

rg 

rg 

rg 

rg 

a: 

VO 

X 

rg 

a: 

a: 

a: 

a: 

a: 

a: 

VO 

u 

a 

u 

CJ 

u 

u 

u 

u 

u 

1 

u 

w 

— 

•«— ' 

— ' 

'w ' 

' — - 

1 

QJ 



m 

QJ 

o 

' — ' 

03 

2 

X 

u 

T) 

0) 

X 

X 

X 

X 

X 

,, 

IT3 

fO 

fT3 

fO 

fO 

u 

T3 

<D 

VM 

Os 

fO 

-NMR  spectra  of  Poly ( [ 2H ]-l , 2 , 4-tr ia2oline-3-thiones ) (2.3) 
Triazoline 


50 


(N 


<N 


r- 


CO 


in 

<N 


w 

(1) 

a* 

u 

<D 

x: 

o 


00 

LD 

(N 

CN 

T— 1 

VO 

r-- 

• 

• 

• 

<N 

r- 

00 

in 

(N 

CN 

CN 

00 

VO 

ID 

Ot 

00 

• 

• 

• 

• 

• 

00 

r- 

rH 

00 

CN 

CN 

CN 

• 

rr 

•«!3' 

rH 

LD 

<N 

VO 

• 

VO 

• 

• 

• 

• 

• 

VO 

<N 

VO 

VO 

CTt 

00 

• 

<N 

(N 

CN 

CN 

CN 

r*' 

tH 

VO 

1-H 

rH 

rH 

CN 

• 

* 

O 

in 

LO 

O 

LO 

rH 

1^ 

• 

rsj 

CN 

• 

• 

. 

• 

• 

r- 

<y\ 

CO 

O 

CTt 

ro 

CNI 

VO 

VO 

<N 

<N 

ro 

CN 

in 

<N 


00 


a^ 


o> 

fN 


o 


(N 


r- 

in 


r- 

(N 


00 

<N 


lO 


r- 

(N 


<T» 

(N 


r- 

rg 


00 


00 

(N 


U 


ro 


0) 

c 

o 


I 

ro 

I 


T3 

a 

s 

o 

u 


<T5 


00 

00 

O 

O 

rH 

00 

CN 

o> 

CN 

CN 

• 

• 

ro 

C^l 

ro 

CN 

rH 

00 

CN 

rH 

rH 

tH 

rH 

CN 

CN 

00 

CN 

O 

t — 1 

CO 

• 

• 

O 

00 

• 

• 

• 

• 

CTi 

o 

• 

• 

LO 

rH 

CN 

o 

CN 

ro 

<N 

rH 

ro 

LO 

ro 

rH 

VO 

rH 

iH 

tH 

tH 

CN 

VO 

CN 

CN 

iH 

O 

O 

rH 

00 

CT\ 

O 

o 

LO 

LO 

LO 

LO 

LO 

LO 

rH 

rH 

iH 

rH 

rH 

rH 

rH 

O 

O 

CN 

<T» 

LO 

VO 

CO 

r- 

tH 

VO 

r- 

VO 

00 

VO 

00 

VO 

r- 

VO 

VO 

VO 

VO 

VO 

VO 

rH 

rH 

rH 

tH 

rH 

rH 

rH 

rH 

CN 

a: 

tE 

ac 

u 

a: 

a: 

aa 

VO 

VO 

CN 

o 

fC 

VO 

VO 

u 

u 

a: 

CN 

u 

u 

u 

1 

1 

u 

ac 

1 

1 

1 

QJ 

ei 

u 

SI 

61 

61 

O 

CN 

VO 

VO 

VO 

VO 

VO 

ro 

-—V 

ac 

CN 

(N 

CN 

(N 

(N 

CN 

aa 

VO 

a: 

cn 

a: 

a: 

a: 

aa 

VO 

u 

u 

u 

u 

u 

u 

u 

u 

1 

— ' 

— ' 

1 

oi 

<N 


X) 


o 

<TJ 


T3 


q; 

fO 


X) 

u 


ai 


XI 

TJ 


o^ 


o 

ro 


ro 


(N 


X) 

01 


51 


Figure  2.2 
13 


C-NMR  spectra  of  2.15ab  (A)  and  2. Sab  (B) 


52 


We  also  briefly  tested  the  alternate  path  to  polymers 
2.15  starting  from  bi s ( thiosemi ca rbaz ides ) and  bis(acid 
chlorides).  Thus,  reaction  of  2.18a  and  2.19a  in  DMF  at 
100°C  gave  an  off-white  solid;  however,  this  decomposed  when 
attempts  were  made  to  dry  it  i_n  vacuo . Repeating  the 
reaction  in  refluxing  pyridine  yielded  the  polymer  2.15aa, 
but  the  inherent  viscosity  was  only  0.09  dL/g.  This 
observation  would  appear  to  confirm  the  superiority  of  the 
route  from  2.16  and  2.17. 

We  tested  the  effect  of  thermal  cyclization  on  polymers 
2.15.  Samples  of  polymers  2.15ab  and  2.15ac  were  heated  at 
2Q0°C  for  3h  vacuo . During  this  time  the  evolution  of 
water  was  evident  but  had  apparently  ceased  after  3h.  The 
polymers  turned  brittle  and  darkened  in  color.  Attempts  to 
measure  their  inherent  viscosities,  however  failed  because 
the  resultant  polymers  contained  much  insoluble  gel-like 
material.  It  would  seem  likely  that  this  comes  from  cross- 
linking  caused  by  side  reactions  occurring  under  the  harsh 
reaction  conditions.  In  contrast,  polymers  prepared  by  base- 
catalyzed  ring  closure  are  more  soluble  and  probably  linear. 

2.2.4  Conclusion 


A large  range  of  novel  polyacylthiosemicarbazides  and 
poly- [ 2H ] -1 , 2 , 4- t r i azol i ne- 3- thi one s were  prepared,  with 
molecular  weights  ranging  up  to  63,000.  These  are  currently 
being  tested  for  many  applications  by  the  3ll  Company. 
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2.3  Experimental 

2.3.1  Apparatus  and  Procedures 

Simple  thermal  behavior  of  the  polymers  and  other 
melting  points  were  determined  using  a hot-stage  microscope. 
All  temperatures  are  uncorrected.  ^H-NMR  spectra  were 
recorded  at  60MHz  using  a Varian  EM360L  spectrometer  and 
C-NMR  spectra  using  a Jeol  FXIOO.  Deuterochloroform  was 
used  as  solvent  for  monomers,  DMSO— d,  for  dimers  and 

D 

polymers  unless  otherwise  stated.  Tetramethylsilane  was  used 
as  an  internal  standard  for  ^H-NMR,  the  solvent  peaks  of 
DMSO-dg  (539.5)  and  CDCl^  (577.0)  in  ^^C-NMR  spectroscopy. 
Infrared  spectra  were  determined  using  a Perkin  Elmer  283B 
spectrometer . 

Inherent  viscosities  were  determined  using  an  Ubbelohde 
viscometer  in  DMF  solution  at  30+0. 1°C. 

Weight  average  molecular  weights  were  determined  by  Dr. 
Paul  Wang  at  3M  Central  Research  Science  using  an  LDC/Milton 
Roy  KMX-6  low  angle  laser  light  scattering  photometer  in  DMF 
solution . 
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2.3.2  Preparation  of  Starting  Materials 

2. 3. 2.1  Ethyl  benzimidoate  hydrochloride  (2.5a) 

Ethyl  benzimidoate  hydrochloride  (2.5a)  was  prepared  by 
the  method  of  Pinner  [ 1883CB1654 ] , Yield  73%;  mp 
>115°C(dec)  (lit.  [1883CB1654]  mp  118-120 “ C ( dec )) . 

2.3. 2. 2 Ethyl  acetoimidoate  hydrochloride  (2.5b) 

Compound  2.5b  was  prepared  by  the  method  of  Pinner 
( 1883CB1654 ] . Yield  58%;  mp  dec  (lit.  [1883CB1654]  mp  dec). 

2 . 3 . 2 . 3 n-Butyl  isothiocyanate  (2.9b) 

Compound  2.9b  was  prepared  by  the  method  of  Schmidt  et 
a_l . [ 5 5 LA  ( 5 9 4 ) 2 3 3 ] . Yield  89%;  bp  52-54  °C/9  mmHg  (lit 
[56JOC404]  bp  83.5°C/32  mmHg). 

2. 3. 2. 4 n-Benzyl  isothiocyanate  (2.9c) 

This  compound  is  not  given  as  an  example  by  Schmidt  et 
^ ^ • [ 5 5LA ( 5 9 4 ) 2 3 3 ] . Attempts  to  use  his  method  led  only  to 
an  unindenti f ied  solid  on  removal  of  the  methylene  chloride. 
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Compound  2.9c  was  prepared  by  the  method  of  Profft  et 
al.  [67AEV225]  in  36%  yield,  bp  97-99°C/3.3  mmHg  (lit. 
[67AEV225]  bp  125-126°C/12  mmHg). 

2-3. 2. 5 Conversion  of  Isothiocyanates  (2.9a-c)  to 
Thiosemicarbazides  (2.4a-c)  ~ 

Isothiocyanate  (2.9a-c)  (0.1  mole)  was  dissolved  in 
ethanol  (50  mL) . To  this  was  added  with  stirring  during 
0.5  h,  hydrazine  hydrate  (5.5  g,  0.11  mole)  in  ethanol 
(20  mL ) . The  thiosemicarbazide  was  seen  as  a white 
precipitate.  Water  (100  mL ) was  added  to  ensure  complete 
precipitation.  The  white  solid  was  filtered,  washed  with 
water,  recrystallized  and  dried  at  50°C  ^ vacuo.  In  this 
manner  the  following  were  prepared: 

4-Phenyl thiosemicarbazide  (2.4a):  Yield  93%,  white  needles 
(ethanol);  mp  139-140°C  (lit.  [57CJC832]  140°C). 

4-n-Butylthiosemicarbazide  (2.4b) : Yield  95%,  white  needles 
(ethanol/water);  mp  72-73°C  (lit.  [57CJC832]  74.5°C). 

4-Benzylthiosemicarbazide  (2.4c) : Yield  81%,  white  needles 
(ethanol);  mp  131-134°C  (lit.  [57CJC832]  130-135°C). 
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2. 3. 2. 6 1 , 6-Pi i sothiocyanatohexane  (2.16a) 

Compound  2.16a  was  prepared  by  the  literature  method 
[ 55H0U( 9 ) 870 ] . Further  purification  was  achieved  by  passing 
neat  down  a short  silica  column.  Yield  47%;  bp 
175-185°C/4 . 5 mmHg  (lit.  [ 55HOU( 9 ) 870 ] bp  160-180 °C/3mmHg ) 

2. 3. 2. 7 Attempted  preparation  of  2.16a  from  1 , 6-Di chloro- 

hexane  (2.28a)  ~ 

1 , 6-Dichlorohexane  (2.28a)  was  refluxed  0.25  h in  DMF 
with  KSCN  according  to  the  literature  preparation 
[75CPB663].  ^H-nmr  ( partial )( neat ) 53.5  t,  53.2  t (1:10). 

Distillation  led  to  a colorless  oil  with  a peak  at  53.2 
identified  by  its  C peak  at  5112(-NCS)  as  the  thiocyanate. 

All  attempts  to  isomerize  this  product  using  ZnCl2  or 
ZnCl2/l2  catalyst  in  ethanol  led  to  isolation  of  starting 
material.  When  refluxed  with  ZnCl2  or  ZnCl2/l2  in  DMF  rapid 
decomposition  occurred. 


2-3. 2. 8 Conversion  of  1 , 6-Dii sothiocyanatohexane  (2.16a)  to 
1 , 6-Hexanebi s (thiosemicarbazide)  (2.18a)  ~ 

This  was  carried  out  in  chloroform  using  the  method  of 
Yabuuchi  ^ [75CPB668].  Yield  67%,  white  prisms  (water); 
mp  143-145°C  (lit.  [75CPB668]  145-146°C). 
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^•^•2.9  Diethyl  Benzene-1 , 4-di imidoate  dihydrochloride 
(2.20a) 


Compound  2.20a  was  prepared  by  the  method  of  Sanui  et 
aj^.  [71PJ789  ].  Yield  70%,  white  amorphous  solid;  mp 
295-297°C(dec)  (lit.  [71PJ789]  mp  295-298°C). 

2.3,2.10  Diethyl  Benzene-1 , 3-di imidoate  dihydrochloride 
(2.20b) 


Compound  2.20b  was  prepared  by  the  method  of  Sanui  et 
[71PJ789  ].  Yield  81%,  white  amorphous  powder;  mp 
(>150“C(dec)  (lit.  [71PJ789]  mp  21 0-21 5 ° C ( dec ) ) . It  slowly 
evolves  HCl  gas  on  standing. 

It  was  also  prepared  by  the  method  of  Zaitseva  et  al . 
[64JGU3758].  Yield  65%;  product  has  same  properties  as  that 
prepared  by  Sanui's  method. 


2-3.2. 11  Terephthalic  dihydrazide  (2.16a)  and  isophthalic 
dihydrazide  (2.16b)  

These  compounds  were  prepared  as  reported  by  Campbell 
et  [ 59JAPS155  ] . 
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Terephthalic  dihydrazide  (2.17a);  Yield  88%;,  white 
microprisms  (extraction  with  toluene);  mp  >305°C(dec)  (lit. 
[59JAPS155]  mp  >325°C( dec ) ) . 

Isophthalic  dihydrazide  (2.17b);  Yield  61%;,  white 
microprisms  (extraction  with  benzene);  mp  222-225°C  (lit. 
[59JAPS155]  mp  224-225°C). 

2.3.2.12  Benzoic  Hydrazide  (2.10a) 

Methyl  benzoate  (10  g,  73  mmole)  and  hydrazine  hydrate 
(4.04  g,  81  mmole)  were  refluxed  in  toluene  (100  mL ) and 
allowed  to  cool.  The  product  precipitated  on  cooling  and  was 
filtered,  washed  with  toluene  and  dried  at  50°C  ^ vacuo . 
Yield  7.1  g (71%),  white  needles  (toluene);  mp  112-114  lit 
[ 26BEI ( 9 ) 319  ] mp  114°C. 

2.3.2.13  Adipic  dihydrazide  (2.17c) 

Adipic  acid  (50  g,  34  mmole)  was  added  to  ethanol 
(250  mL ) and  HCl  gas  passed  until  all  solid  had  dissolved. 
The  solution  was  refluxed  0.25  h.  and  the  solvent  removed 
under  reduced  pressure  to  yield  the  ethyl  ester  which  was 
used  crude.  Ethanol  (100  mL ) and  hydrazine  hydrate  (37.5  g, 
750  mmole)  were  added  and  the  mixture  refluxed  2 h.  After 
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cooling,  water  (100  rtiL ) was  added  to  ensure  complete 
precipitation,  the  product  filtered  off,  washed  with  water 
and  dried  at  50°C  iji  vacuo . Yield  (40.5  g,  68%)  white 
plates  (ethanol);  mp  170-171°C  (lit.  [ 29BEI ( 2El ) 277 ] mp 
171°C) . 

2-3.2.14  Diglycolic  dihydrazide  (2.17d) 

Compound  2.17d  was  prepared  from  diglycolic  acid  (50  g, 
370  mmole)  using  the  procedure  for  2.17c.  Yield  (58.0  g, 
96%)  white  plates ( wate r/ethanol ) ; mp  167-168°C. 

^H-NMR:  54.0  4Hs,  9.5  (NH) 

ANAL:  Calcd  for  C^H^qN^03 ( 162 . 15 ) C,  29.63%;  H,  6.22%;  N, 
34.55%.  Found  C,  29.32%;  H,  6.46%;  N,  34.49%. 

^ ^ attempted  preparation  of  1 , 2-Pi i sothiocyanatoethane 

(2,16b)  and  1 , 3-Di i sothiocyanatopropane  ( 2 . fgbl  from 
Diamines  ~ 

This  preparation  was  attempted  using  the  procedure  used 
for  2.16a  [ 55H0U( 9 ) 870 ] , but  after  removal  of  solvent,  only 
minor  quantities  of  red  oily  substances  (>0.1%)  remained.  An 
attempt  to  utilize  the  method  of  Schmidt  et  al. 

[ 55LA( 594 ) 233 ] led  to  no  liquid  product,  but  some  sulfurous 
solids  when  the  solvent  was  removed. 
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In  accordance  with  the  report  by  Binder  and  Tritthart 
[ 73ZN( B ) 530 ] , use  of  an  ultrasonic  vibrator  (Fisher  300W 
sonic  di smembr a to r ) was  tried  using  2 different  methods.  The 
amine,  carbon  disulfide  and  potassium  hydroxide  (1:2. 2:2)  in 
water  were  placed  in  an  ice-water  bath  in  round-bottomed 
flask  fitted  with  a dry  ice/acetone  condenser  and  the 
ultrasonic  probe  placed  into  the  ice  bath.  In  the  second 
method,  a large  excess  of  carbon  disulfide  was  used  and  the 
reagents  placed  in  a beaker  in  the  ice-water  bath.  The 
ultrasonic  probe  was  placed  directly  into  the  reaction 
mixture,  which  was  simultaneously  stirred.  Times  from  3 h to 
48  h were  tried.  Ethyl  chlorof ormate  was  added  to  the 
resulting  solution  at  0°C  to  yield  a semi-solid.  The  liquid 
was  decanted  and  the  product  heated  in  a vacuum  distillation 
apparatus.  Ethanol  was  given  off  and  then  the  reaction 
mixture  darkened.  On  several  occasions  low  yields  of  red 
oils  collected,  but  these  had  complex  NMR  spectra  and 
decomposed  upon  attempted  further  distillation. 


2.3.2.16  4 , 4 ' -Di i sothiocyanatodiphenyl  ether  (2,16d) 

Compound  2.16d  was  prepared  by  the  literature  method 
[ 66NEP6517099  ] . Yield  65%;  mp  68-73  °C  (lit.  [ 6 6NEP6 5 1 7 0 9 9 ] 
mp  67 . 5-68 . 5°C ) . 
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2-3-2.17  1 , 4-Diisothiocyanatobenzene  ( 2 . 16e ) 

Compound  2.16e  was  prepared  by  a method  analogous  to 
that  used  for  2.16d.  Yield  62%;  mp  126-129°C  (lit. 
[55H0U(9)869]  mp  130°C) . 


2.3.2.18  Aliphatic  di i sothi ocyanates  (2.16c,f-h) 

The  method  reported  for  the  preparation  of  2.16a  was 
used  [ 5 5H0U ( 9 ) 8 7 6 ] . The  following  were  prepared  in  this 
manne  r : 

1 , 3-Diisothiocyanatopropane  ( 2.16c)  ; Yield  8%;  bp 
120.5°C/3.2  mmHg  (lit.  [ 55LA( 594 ) 233 ] bp  134°C/4  mmHg). 

1, 12-Dii sothi ocyanatododecane  ( 2.16f ) ; Yield  36%;  bp 
240°C/3.3  mmHg.  ^^C-NMR  ( CDCl ^ ) : 51 3 4 . 7 0 , 39.10,  23.94, 
23.31,  22.68,  20.43. 

Methylenebis( 4-isothiocyanatocvclohexane ) ( 2.16q) ; Yield 
51%;  mp  84-86°C.  ^^C-NMR  ( CDCI3 ) : 5121 . 31 , 55.89,  53.86, 

43.13,  42.98,  33.38,  33.18,  32.85,  32.60,  31.19,  30.95, 
27.38. 
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1 , 3-Bis( i sothi ocyana tome thy 1 ) cyclohexane  ( 2.16h) ; Yield  42%; 
bp  190°C/2.0  mmHg.  ^^C-NMR  ( CDCI3 ) : 6127 . 86 , 56.28,  48.27, 
37.16,  32.87,  32.77,  30.47,  28.82,  27.80,  24.14,  19.37. 

2.3.3  Model  Studies 

2-3. 3.1  [ 2H ] -1 , 2 , 4-Triazoline-3-thiones  (2.1)  from  Thiosemi- 
carbazides  2.4a-c  and  Ethyl  imidoester  hydrochlorides 
2 . 5a-b  ' 

To  the  th i o semi ca r ba z i de  (2.4)  (0.05  mol)  and  the  ethyl 
imidoate  ester  (2.5)  (0.05  mol)was  added  pyridine  (50  mL ) . 
The  reaction  mixture  was  refluxed  for  2 h then  cooled  and 
poured  into  water  (1  L)  to  precipitate  the  product,  which 
was  removed  by  filtration,  washed  thoroughly  with  water  and 
then  dried  at  50°C  ^ vacuo. 

The  resulting  compounds  2.1  are  reported  in  Table  2.1. 


2 • 3 . 3 . 2 Dime r (2.2aa)  from  l,6-Hexanebis(thiosemicarbazide) 
(2.18a)  and  Ethyl  benzimidoate  hydrochloride  (2.5a) 

The  reaction  was  carried  out  as  described  above  for  the 
preparation  of  2.1  from  2.4  and  2.5.  Yield  71%;  mp 
221-222°C. 

^H-NMR:  50.8-1.4  8Hm,  3.9  4Ht,  7.8  lOHs. 

ANAL:  Calcd  for  C2 2H2 4Ng S2 ( 4 3 6 . 59 ) C,  60.52%;  H,  5.54%; 

N,  19.35%.  Found  C,  60.33%;  H,  5.81%;  N,  19.23%. 
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2. 3. 3. 3 Dimer  2.31ba  from  2.9b  and  2.17a 

To  n-butylisothiocyanate  (2.9b) (5  g,  43  mmole)  and 
terephthalic  acid  dihydrazide  (2.17a)(4.22  g,  22  mmole)  was 
added  DMSO  (50  mL) . The  reaction  mixture  was  heated  at  100°C 
under  dry  nitrogen  for  2h.  The  resulting  clear  solution  was 
poured  into  water  (500  mL)  to  precipitate  dimer  (2.31ba), 
which  was  filtered  off,  washed  thoroughly  with  water  and 
dried  at  50°C  i^i  vacuo . Yield  9.1  g (99%),  white  amorphous 
solid;  mp  240-242°C. 

I.R.  (CHBr3)  cm"^  3600-2900 ( s ) , 1665(s),  1540(s),  1515(sh), 
1470(s),  1455(sh),  1430(m),  1390(m),  1300(m),  1280(m), 
1240(s),  1090(m),  1050(w),  1020(m). 

^H-NMR:  50.8-1.6  14Hm,  3.3  4Ht,  8.1  4Hs,  9.3  ( NH ) . 

ANAL:  Calcd  for  C^gH2gNg02S2 ( 424 . 58 ) C,  50.92%;  H,  6.65%; 

N,  19.79%.  Found  C,  51.05%;  H,  7.18%;  N,  19.90%. 

2. 3. 3. 4 Dimer  2,31ba  from  2.4b  and  2.19a 

To  4-n-butylthiosemicarbazide  (2.4.b)  (5.0  g,  34  mmole) 
and  terephthaloyl  chloride  (2.19a)  (3.45  g,  17  mmole)  was 
added  ethanol  (50  mL ) and  the  mixture  refluxed  for  2 h.  The 
product  (2.31ba)  was  poured  into  water  filtered,  washed  with 
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water  and  dried  at  50°C  ^ vacuo . Yield  4.45  g (63%)  mp 
239-240°C.  The  infrared  spectrum  of  this  product  was 
identical  to  the  product  above. 


2-3. 3. 5 Dimer  2.32aa  from  2.16a  and  2.10a 

To  1 , 6-hexanediisothiocyanate  (2.16a)  (5.0  g, 

25  mmoles)  and  benzoic  acid  hydrazide  (2.10a)(6.80  g,  50 
mmole)  was  added  ethanol  (50  mL)  and  the  mixture  refluxed 
for  2 h.  The  product  was  worked  up  as  above  to  yield  the 
dimer  (2.32aa)  as  white  microprisms.  Yield  10.3  g (87%)  mp 
202-204°C. 

I.R.  (CHBr^)  cm  ^ 3350-3200 ( s ) , 3020(s),  2930(s),  2850(m), 
1670(s),  1600(m),  1540(s),  1500(s),  1470(s),  1390(w), 
1280(m),  1250(s),  1180(w),  1090(w),  1020(w),  lOOO(w). 

H-NMR  (CDCl^/TFA):  50.8-1.6  8Hm,  3.4  4Ht,  7 . 4-7 . 8 lOHm. 
ANAL:  Calcd  for  C22H2gNg02S2 ( 472 . 62 ) C,  55.91%;  H,  5.97%; 

N,  17.78%.  Found  C,  56.39%;  H,  5.83%;  N,  17.91%. 

2-3. 3. 6 Dimer  2.32aa  from  2.18a  and  2.7a 

To  1 , 6-hexanebis ( thiosemicarbazide ) (2.18a)(5.0  g, 

19  mmole)  and  benzoyl  chloride  (2.7a)  (5.32  g,  38  mmole)  was 
added  ethanol  (50  mL ) and  the  mixture  refluxed  2 h. 


Work  up 
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as  above  yielded  the  dimer  (2.32aa)  (5.10  g,  57%)  with  an 
infrared  spectrum  identical  to  that  above. 

This  reaction  was  repeated  with  the  addition  of 
pyridine  (3.16  g,  40  mmole)  to  yield  2.32aa  (5.27  g,  59%). 


2. 3. 3. 7 Cyclization  of  dimers  2.31aa  and  2.32ba 


To  the  dimer  (1.0  g)  was  added  IM  Na^CO^ ( aq ) ( 50  mL)  and 
the  mixture  refluxed  2 h.  Neutralization  with  dil  HCl 
precipitated  the  dimeric  [ 2H ] -1 , 2 , 4- t r iazol ine-3- thi one 
which  was  filtered,  washed  with  water  and  dried  at  50°C  in 
vacuo . 

The  following  were  prepared  in  this  manner: 

Dimer  2.2ba:  Yield  0.86  g (94  % ) ; mp  243-245°C 
^H-NMR:  50.8-1.6  14Hm,  3.5  4Ht,  7. 6-8.1  4Hm. 

ANAL:  Calcd  for  C^gH24NgS2 ( 388 . 55 ) C, 55.64%;  H,  6.23%; 

N,  21.63%.  Found  C,  55.35%;  H,  6.11%;  N,  21.80%. 


Dimer  2.29aa;  Yield  0.82  g (89%);  mp  222-223°C 

This  compound  was  spectroscopically  identical  to  that  formed 

from  2.18a  and  2.5a  (vide  supra ) . 
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2.3.4  Preparation  of  Polymers 

2-3. 4.1  Acylthiosemicarbazide  Polymers  (2.15) 

To  the  di i sothiocyanate  (2.16)  (0.02  mole)  and  bis(acid 
hydrazide)  (2.17)  (0.02  mole)  was  added  dry  DMSO  (100  mL ) . 
The  solution  was  stirred  at  100°C  for  2 h.  The  resulting 
polymer  solution  was  precipitated  by  pouring  into  water  in  a 
blender.  The  polymer  was  filtered,  washed  thoroughly  with 
water  then  a little  methanol  and  dried  at  50°C  vacuo. 

Water-soluble  polymer  2.15ae  was  preciptated  into 
acetone,  and  washed  with  acetone,  then  dried  over  ^2^5 
room  temperature. 

Table  2.2  details  the  polymers  prepared. 


2 • 3 . 4 . 2 [2h]  1 , 2 , 4- t r i azol ine-3- thi one  polymers  (2.3) 

To  the  acylthiosemicarbazide  polymer  (2.15)  (5  g)  was 
added  IM  Na2C02  ( aq ) (50  mL ) . The  mixture  was  refluxed  2 h. 
The  product  was  precipitated  with  dil  HCl , filtered,  washed 
with  water  and  dried  at  50°C  ^ vacuo. 

Water-soluble  polymer  2.15ae  (5  g)  was  cyclized  by 
refluxing  with  concentrated  ammonia  solution  (50  mL)  for 
2 h.  The  ammonia  was  removed  vacuo  to  give  polymer 
2 . 25ae . 


Table  2.3  details  the  polymers  prepared. 
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^ polymer  (2.15aa)  from 

^ ^ terephthalovl 

To  1 , 6-hexanebis ( thiosemicarbazide ) (4.00  g,  20  mmole) 
and  te rephthaloyl  chloride  (4.06  g,20  mmole)  was  added 
pyridine  (50  mL ) . The  mixture  was  refluxed  for  2 h,  cooled 
and  poured  into  water  (500  mL)  to  precipate  the  product 

which  was  filtered,  washed  with  water  and  dried  at  50°C  in 
vacuo . 

The  product  had  an  infrared  spectrum  identical  to 
2,15aa  formed  from  2.16a  and  2,17a.  h^j^j^  = 0.09  dL/g 
(DMF,30°C) . 


2-3. 4. 4 Thermal  Cyclization  of  2,15ab  and  2.15ac 

The  polymer  (0,5  g)  was  heated  at  200°C  vacuo  for 
3 h in  an  oil  bath.  Initially  condensation  of  water  was 
visible  on  the  colder  part  of  the  flask.  The  polymers  both 
became  tan  in  color  and  brittle.  Determination  of  inherent 
viscosity  was  impossible  since  the  polymer  formed  an 
insoluble  gel-like  mass  when  mixed  with  DMF. 


CHAPTER  3 

COPOLYMERS  CONTAINING  [ 2H ] -1 , 2 , 4-TRIAZOLINE-3-THIONE 

AND  THIOUREA  RESIDUES 

3 . 1 Introduction 
3.1.1  The  Theory  of  Copolymers 

The  use  of  copolymerization  to  change  and  improve  upon 
the  properties  of  homopolymers  is  now  well  established. 

For  free  radical  reactions,  depending  on  the  synthetic 
methods  and  the  relative  speeds  of  reaction  of  the  different 
monomers  involved,  three  different  types  of  linear 
copolymers  may  be  formed,  random,  alternating  and  block,  as 
illustrated  in  Figure  3.1  for  two  residues  A and  B.  A random 
copolymer  consists  of  a statistical  mix  of  the  two  residues 
throughout  the  chain,  an  alternating  copolymer  consists  of 
alternating  residues  while  a block  copolymer  has  blocks  of 
units  of  each  residue  distributed  randomly  throughout  the 
chain.  The  definitions  have  most  meaning  when  A and  B are 
present  in  approximately  equal  amounts.  If  one  component 
dominates  then  the  polymer  will  naturally  consist  of  large 
blocks  of  it,  with  small  inte r spe r sions  of  the  lesser 
component . 
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ABBBAABBBABAABBBBAAA 
Random  Copolymer 


ABABABABABABABABABAB 
Alternating  Copolymer 


AAAAAAAB  B B B B B B AAAAAAA 
Block  Copolymer 


Figure  3.1 

The  type  of  polymer  structure  obtained  is  dependent  on 
the  experimental  conditions  and  on  the  relative  rates  of  the 
two  polymerization  reactions  involved.  Block  copolymers  are 
produced  when  either  A or  B reacts  preferentially  with 
itself,  whereas  alternating  copolymers  result  when  A and  B 
react  more  readily  with  each  other  than  with  molecules  of 
their  own  kind.  Random  copolymers  result  when  the  rates  of 
all  the  reactions  involved  are  approximately  equal. 

The  situation  for  the  formation  of  copolymers  by 
condensation  reactions  from  symmetrical  monomers  is  somewhat 
different.  If  three  components  are  present,  and  A and  B 
compete  to  react  with  C,  forming  analogous  sites  in  the 
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chain,  but  A and  B do  not  react  with  each  other,  the 
residues  seen  are  always  paired,  either  AC  or  BC,  as  shown 
in  Figure  3.2. 


ACBCBCBCACACBCBCBCACBCACACBCBCBCBCACACAC 
Random  Copolymer 

ACBCACBCACBCACBCACBCACBCACBCACBCACBCACBC 
Alternating  Copolymer 

ACACACACACACACBCBCBCBCBCBCBCACACACACACACAC 
Block  Copolymer 


Figure  3.2 

The  probability  of  a unit  AC  following  a unit  AB  in  the 
chain  to  be  again  followed  by  a unit  AC  is  equal  to  the 
relative  reaction  rate  of  monomer  A with  C (as  compared  to  B 
with  C).  Thus,  if  A and  B react  with  C at  equal  rates  the 
distribution  of  the  copolymer  will  tend  toward  random. 
Conversely,  if  A reacts  with  C much  faster  than  does  B,  then 
A is  likely  to  react  first  to  form  blocks,  which  are  later- 
joined  by  the  slower  reaction  forming  chains  of  BC  linkages. 
Indeed,  if  the  reaction  of  B with  C is  much  slower  than  the 
reaction  of  A with  C,  then  termination  of  the  AC  blocks  may 


71 


occur  before  the  reaction  of  B has  finished.  This  may  in 
some  circumstances  lead  to  mixtures  of  impure  AC  and  BC 
homopolymers.  Formation  of  an  alternating  system  is  not 
normally  observed  under  homogenous  conditions. 

Experimental  conditions  can  also  have  an  effect  on  the 
type  of  polymer  produced.  The  brief  analysis  above  assumes 
the  components  are  all  present  in  a homogenous  mixture.  If 
for  some  reason  the  reaction  is  not  homogenous,  other 
results  may  be  obtained.  Thus  if  A or  B is  allowed  to  react 
with  C first,  and  then  the  other  component  is  added,  there 
will  be  a tendency  toward  block  copolymerization. 

Conversely,  addition  of  a mixture  of  A and  B slowly  to  C 
will  cause  random  polymerization.  Alternating  copolymers  may 
be  produced  by  first  treating  1 mole  of  A with  2 of  C,  then 
treating  the  resulting  trimer  with  a mole  of  B. 

Almost  all  studies  of  condensation  copolymers  have  been 
of  block  and  random  structures.  This  may  be  explained  both 
by  the  increased  difficulty  of  preparing  alternating 
copolymers  and  by  early  observations  that  they  generally 
showed  no  useful  properties  that  were  not  available  from  the 
random  or  block  copolymers.  Several  studies  have  ben  made  of 
comparing  the  properties  of  condensation  random  and  block 
copolymers  with  each  other  and  with  those  of  the  two  parent 
polymers  [64JAPS2465,  67MAK105].  Generally  speaking 
condensation  block  copolymers  have  properties  close  to  the 
weighted  average  of  the  two  parent  polymers.  T may  thus  be 
evaluated  by  the  equation: 
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where  T , and  T are  the  absolute  glass  temperatures  of  the 
gl  g2 

two  parent  polymers  and  and  W2  ace  the  weight  fractions 
of  those  polymers  comprising  the  copolymer.  A similar 
relationship  hold  for  In  random  polymers  the  and 

are  found  to  be  substantially  below  what  would  be  predicted 
by  the  above  equation,  due  to  the  greater  disorder  inherent 
in  the  structure.  Copolymers  are  also  found  to  have 
increased  flexibility  and  decreased  crystallinity  compared 
to  homopolymers,  this  is  due  to  the  fact  that  the  structures 
are  less  ordered. 


3.1.2  Previous  Literature  concerning  Polythioureas 

A number  of  reports  concerning  the  preparation  and 
properties  of  polythioureas  may  be  found  in  the  literature, 
most  of  them  occurring  in  patents. 

A number  of  approaches  to  this  polymer  system  are 
documented.  The  reaction  of  diamines  with  carbon  disulfide 
to  produce  symmetrically  substituted  polythioureas  is  well 
known.  Early  efforts  required  the  use  of  high  temperatures 
and  pressures  to  bring  the  reaction  about  [ 51USP2550767 ] . 
Recent  efforts  have  been  made  to  find  effective  condensing 
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agents  for  this  system  and  the  corresponding  reaction  of 
diamines  with  carbon  dioxide  to  give  polyureas.  Thus 
Yamakazi  e_t  ^ have  reacted  aromatic  diamines  3.1  with  CS2 
using  diphenyl  phosphite  in  pyridine  as  the  condensing  agent 
to  give  polythioureas  3.2.  Imidazole  in  DMF  and  triphenyl 
phosphite  in  HMPA  were  also  found  to  be  effective 
[ 7 4 JPS ( PL ) 5 1 7 ] . Chirac  carried  out  similar  reactions  using 
ethyl  chlorophosphite  as  the  condensing  agent  [86PB65] 

( Scheme  3.1). 


Another  reaction  that  has  been  investigated  (and  is  of 
importance  to  this  study)  is  the  reaction  of  diamines  with 
d i i so thi ocyana te s . Thus  Bonner  reacted  bi s ( 4— aminocyclo— 
hexyl )methane  3.3  with  bi s ( 4-i sothiocyanatocyclohexyl ) - 
methane  3.4  in  DMA  with  a Lid  catalyst  to  give  polythio- 
ureas 3.5  which  he  was  able  to  spin  into  yarns 
[71GEP2052649,  72USP3666728 ] (Scheme  3.2). 


7 4 


+ 


Scheme  3.2 

Patents  issued  to  the  Kyowa  Fermentation  Industry  Co. 
Ltd.  describe  the  transamination  reaction  by  heating 
equimolar  parts  of  thiourea  3.6  and  nonamethylenediamine  3.7 
at  160  °C  for  1 hour  under  nitrogen  to  yield  a viscous 
polythiourea  3.8,  which  was  soluble  in  various  acids  and 
alcohols  [ 69JAP16020 , 67FRP1478361 ] (Scheme  3.3) 


H2N-CS-NH2  + H2N(CH2)gNH2 


3.6 


3.7 


•(  CH2  ) g-NH-CS-NH- 
3.8 


n 


Scheme  3 . 3 

An  number  of  useful  properties  have  been  claimed  for 
polythioureas  in  the  patent  literature,  apart  from  their 
ability  to  form  fibers  and  moldings.  Wells  e_t  have 

claimed  that  addition  of  small  quantities  of  polythioureas 
to  Nylon  6 yarns  significantly  reduced  the  susceptibility 
of  the  dyed  fabric  to  ozone  bleaching  and  increased  its 
light  fastness  measureably  [ 75USP3917  449 ] . Yasumichi  ^ al . 
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have  used  insoluble  crosslinked  polythioureas , prepared  from 
tr iethylenetetramine  and  CS2f  for  removal  of  heavy  metal 
salts  such  as  mercury  from  aqueous  solutions 
[74JAP(K)65032  ] . 

3.1.3  Aims  of  the  Work 

The  reaction  of  bis(acid  hydrazides)  with 
di i sothiocyanates  to  form  polyacylthiosemicarbazides  and 
their  cyclization  to  poly[ 2H ]-l , 2 , 4-triazoline-3-thiones  has 
been  discussed  in  Chapter  2.  The  aim  of  the  work  described 
in  this  Chapter  is  to  progressively  replace  the  bis(acid 
hydrazide)  in  this  reaction  with  a diamine.  This  was 
expected  to  result  in  a series  of  copolymers  containing  both 
acylthiosemicarbazide  and  thiourea  residues.  Since  the 
acylthiosemicarbazide  residues  would  be  cyclizable,  whereas 
the  thiourea  residues  would  not,  it  was  expected  that 
treatment  with  dilute  aqueous  base  would  yield  a second 
series  of  copolymers  containing  a mixture  of  thiourea  and 
[2H]-l,2,4-triazoline-3-thione  residues. 
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3 . 2 Results  and  Discussion 
3.2.1  Synthetic  Strategy 

In  order  to  achieve  the  results  discussed  above  it  was 
necessary  to  choose  the  three  components  of  our  polymer 
system.  Hexamethylene  di i sothiocyanate  3.9  was  chosen  as  the 
di i sothiocyanate  component  because  it  had  both  given  good 
results  in  the  studies  described  in  Chapter  2 and  because  it 
is  comparatively  simple  and  cheap  to  synthesize  in  large 
quantities,  the  use  of  thiophosgene  being  avoided.  Both 
isophthalic  dihydrazide  and  terephthalic  dihydrazide  3.10 
were  successfully  used  to  prepare  polymers  in  Chapter  2,  and 
either  would  have  been  suitable.  We  decided,  for  the  sake  of 
NMR  simplicity,  to  use  the  terephthalic  dihydrazide  3.10  and 
p-phenylenediamine  3.11  as  the  other  components  in  our 
polymer  system  (Scheme  3.4). 
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SCN(CH2)gNCS 

3.9 


Y 


Scheme  3.4 


One  possible  problem  with  the  choice  of  the  para- 
orientation  for  the  diamine  was  the  existence  of  a 
deactivating  effect,  i.e.  that  reaction  of  the  amine  at  one 
side  of  the  molecule  to  form  a thiourea  group  could 
sufficiently  deactivate  the  second  amino  group  to  prevent 
further  reaction.  We  therefore  determined  to  study  the 
preparation  of  the  homopolymer  from 
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hexamethylenediisothiocyanate  3.9  and  £-phenylenediamine 
3.11  under  NMR  conditions  to  determine  whether  the  reaction 
was  feasible,  or  whether  we  would  have  to  fall  back  to  use 
of  m-phenylenediamine , where  conjugative  effects  were  less 
likely  to  deactivate  the  second  amino  group. 

One  equivalent  of  hexamethylenediisothiocyanate  3.11 
was  thus  mixed  with  two  equivalents  of  p-phenylenediamine  in 
DMSO-dg  at  room  temperature  in  an  NMR  tube.  Reaction  was 
immediate  and  led  to  the  replacement  of  the  singlet  at  56.46 
in  the  ^H-NMR  spectrum  of  the  £-phenylenediamine  with  a 
strong  A-B  signal  at  56.90  and  56.57  ( J=9  Hz)  due  to  the 
asymmetically  substituted  aromatic  ring  in  the  intermediate 
3.12  (Figure  3 . 3-3 . 4 ) . 


56.90 

H 


56 . 57 
H 


3.12 


Figure  3.3 
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Figure  3.4  H-NMR  Spectrum  of  Intermediate  3.12 
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Figure  3.5  H-NMR  Spectrum  of  Polythiourea 
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Another  equivalent  of  hexamethylene  di i sothiocyanate 
was  added  to  the  mixture  to  create  equimolar  proportions  for 
the  polymer-forming  reaction.  At  room  temperature  the 
reaction,  as  monitored  by  the  disappearance  of  the  A-B 
signal  at  S6.90  and  56.57  appeared  slow.  The  reaction  could 
also  be  followed  by  the  disappearance  of  the  unreacted 
isothiocyanate  SCNCH2  peak  at  54.64,  which  could  easily  be 
distinguished  from  the  reacted  form  NHCtSNHCH^  at  53.43. 

The  temperature  of  the  probe  was  then  raised  to  60  °C. 
This  resulted  in  the  rapid  disappearance  of  both  the  A-B 
signal  and  the  peak  for  the  unreacted  di i sothi ocyanate . A 
final  scan  of  the  polymer  product  after  four  hours 
(Figure  3.5)  showed  that  the  peak  for  the  unreacted 
di i sothi ocyanate  had  been  completely  replaced  by  the 
NHC:SNHCH2  53.43  , and  that  the  A-B  signal  had  been 

replaced  completely  by  a single  peak  at  57.40  corresponding 
to  the  symmetrically-substituted  ring  expected  in  the  final 
polymer.  It  was  thus  concluded  that  under  the  proposed 
conditions  (DMSO  at  100  °C)  the  reaction  of  the  diamine  with 
the  diisothiocyanate  would  be  very  fast.  It  was  thus  decided 
that  £-phenylenediamine  was  suitable  for  these  copolymer 


studies . 
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3.2.2  Preparation  of  Polymers 

Hexamethylene  di isothiocyanate  and  terephthalic 
dihydrazide  were  prepared  as  decribed  in  Chapter  2. 
Commercial  grade  £-phenylenediamine  3.11  was  purified  by 
vacuum  distillation  before  use.  A series  of  11  polymers 
(3.13-3.23)  were  then  prepared  from  the  reaction  of 
hexamethylene  di i sothiocyanate  3.9  with  a mixture  comprising 
from  0 to  100mole%  of  p-phenylenediamine  3.11  in  10%  steps 
with  the  remainder  being  terephthalic  dihydrazide  3.10.  The 
polymers  were  prepared  by  adding  the  diisothiocyanate  in 
DMSO  solution  to  the  mixture  of  the  other  two  components 
with  stirring.  The  mixtures  were  then  heated  with  stirring 
to  100  °C  under  nitrogen  for  2 h.  In  the  case  of  mixtures 
containing  more  terephthalic  dihydrazide  up  to  0.5  h.  was 
taken  for  it  to  dissolve,  it  is  only  slightly  soluble  in 
DMSO  and  is  drawn  into  solution  only  by  reaction.  Cooling 
and  precipitation  into  water  led  to  the  desired  polymers 
(3.13-3.23)  as  fine  white  powders. 

In  order  to  avoid  problems  that  had  been  previously 
encountered  in  the  work  described  in  Chapter  2,  where 
neutralization  of  the  sodium  carbonate  cyclized  solutions  of 
the  polymers  with  dilute  hydrochloric  acid  had  led  to 
amounts  of  sodium  chloride  being  incorporated  into  the 
polymer,  it  was  decided  to  approach  the  cyclization  in  a 
slightly  different  manner.  It  had  been  shown,  in  the  work 
carried  out  on  the  water  soluble  polymer  2.15,  that  aqueous 
ammonia  was  a suitable  cyclizing  agent.  Polymers  3.13-3.22 
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were  therefore  stirred  at  room  temperature  in  concentrated 
aqueous  ammonia  for  2 h..  All  the  polymers  containing  up  to 
70%  of  the  polyurea  functionality  were  found  to  have 
sufficient  amounts  of  acylthiosemicarbazide  residue  to  cause 
then  to  dissolve  in  the  aquous  ammonia  to  give  yellow 
solutions  within  0.25  h..  In  these  cases  the  solutions  were 
gently  warmed  to  drive  of  the  ammonia,  causing  a 
precipitation  of  the  cyclized  polymers  3.24— 3,31,  which  were 
thus  filtered,  washed  and  dried.  In  the  cases  of  3.21  and 
3.22,  which  contained  only  20  and  10%  of 

a cy 1 th i o semi ca r ba z i de s residues  respectively,  the  polymers 
were  not  seen  to  completely  dissolve  in  the  ammonia 
solution,  although  some  solubility  was  evidenced  by  the 
yellowing  of  the  solutions.  For  this  reason  these  samples 
were  stirred  for  24  h.  before  being  worked  up  as  described 
above  to  yield  polymers  3.32  and  3.33  respectively. 

Infrared  spectroscopy  later  showed  these  samples  still  to 
contain  some  uncyclized  acylthiosemicarbazide  residues,  as 
evidenced  by  a residual  carbonyl  signal,  but  no  further 
attempts  were  made  to  fully  cyclize  them. 

3.2.3  Properties  of  the  Copolymers 

The  physical  properties  of  the  uncyclized  copolymers 
are  indicated  in  Table  3.1,  those  of  the  cyclized  polymers 


in  Table  3.2 


Physical  Properties  of  Uncyclized  Copolymers  3.13-3.23 
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A progression  from  the  polythiourea  to  the 
polyacyl thiosemicarbazide  was  observed  in  the  ^^C-NMR 
spectra  of  the  polymers.  The  spectrum  of  3.18  (50% 
polyacylthiosemicarbazide  and  50%  polythiourea)  is  typical 
and  is  shown  in  Figure  3.6.  Two  pealts  are  evident  at  5180.2 
and  5181.8  corresponding  to  the  two  types  of  C*S  groups  in 
the  thiourea  and  thiosemicarbazide  residues.  The  peak  at 
5165.4  is  due  to  the  C=0  of  the  thiosemicarbazide. 

Figure  3.7  shows  the  ^^C-NMR  spectrum  of  3.29  resulting 
from  the  cyclization  of  3.18.  Here  the  peak  at  5180.2 
remains  unchanged,  and  was  assigned  to  the  thiourea  residue. 
The  C-S  carbon  of  the  poly-1 , 2 , 4-triazoline-3-thione  now 
appears  at  5167.3  and  the  C=N  carbon  atom  at  5150.8,  as 
discussed  in  Section  2.2.3. 

There  is  a considerable  difference  between  the  shapes 
of  the  C=S  peaks  for  the  polyacylthiosemicarbazide  (5181.8) 
and  polythiourea  (5180.2).  The  latter  by  comparison  is  much 
broader  and  has  a smaller  peak  height,  probably  indicating 
the  presence  of  slightly  different  environments.  By  contrast 
the  polythiosemicarbazide  residue  appears  to  have  a greater 
similarity  of  environment.  This  may  be  due  to  the  fact  that 
whereas  p-phenylenediamine  is  readily  soluble  in  DMSO,  the 
terephthalic  dihydrazide  is  only  slightly  soluble,  going 
into  solution  only  as  the  reaction  proceeds.  In  this  way  the 
p-pheny lenediamine  has  a chance  to  react  quickly  and  thus 
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Figure  3.6  C-NMR  Spectrum  of  Uncyclized  Copolymer  3.18 
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Figure  3.7  C-NMR  Spectrum  of  Cyclized  Copolymer  3.29 
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achieve  a considerable  amount  of  block  formation.  The 
polyacylthiosemicarbazide  residues,  due  to  slower 
incorporation  into  the  polymer  structure,  may  be  more 
randomly  distributed. 

The  infrared  spectrum  of  the  uncyclized  polymer  3.18 
consists  mostly  of  broad  absorption  bands,  however  a band  at 
3200cm~^  ( NH-stretching ) and  a carbonyl  band  at  1670cm  ^ are 
clearly  discernible.  The  infrared  spectrum  of  the  cyclized 
polymer  3.29,  on  the  other  hand  shows  neither  of  these 
bands,  as  would  be  expected  from  the  cyclization  of  the 
acylthiosemicarbazide  residues.  The  polymers  3.32  and  3.33 
(80  and  90%  polythiourea  respectively)  show  residual  bands 
due  to  the  polythiosemicarbazide  carbonyl.  This  indicated 
that,  despite  the  extended  reaction  times,  cyclization  was 
incomplete  for  these  two  samples,  due  to  their  insolubility 
in  aqueous  ammonia. 

3 . 3 Conclusion 

Nine  novel  copolymers  have  been  prepared  incorporating 
various  percentages  of  polyacylthiosemicarbazide  and 
polythiourea  groups.  In  the  case  of  those  polymers  with  more 
than  20%  polyacylthiosemicarbazide  group,  cyclization  could 
be  achieved  in  aqueous  ammonia,  thus  allowing  the 
preparation  of  of  7 novel  copolymers  containing  thiourea  and 
[2H]-l,2,4-triazole-3-thione  residues . 
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3 . 4 Expe r imental 

3.4.1  Apparatus  and  Procedures 

The  apparatus  and  general  procedures  used  in  this 
Chapter  are  identical  to  those  described  in  Chapter  2,  with 
the  addition  that  200  MHz  and  50  MHz  ^^H-NMR  spectra 

were  run  using  a Varian  XL200  spectrometer. 

3.4.2  Preparation  of  Starting  Materials 

Hexamethylene  di i sothiocyanate  (3.9)  and  terephthalic 
dihydrazide  (3.10)  were  prepared  as  described  in  Chapter  2. 
Commercially  available  £-phenylenediamine  (3.11)  (m.p.  138- 

141°C),  which  was  dark  in  color  was  vacuum  distilled  just 
before  use  to  give  a white  solid  with  a pinkish  tinge  (m.p. 
143-145°C) . 

Dimethyl  sulfoxide,  used  as  solvent  for  the  reactions, 
was  dried  over  activated  molecular  sieves  and  degassed  with 
dry  nitrogen  prior  to  use. 


91 


3.4.3  Preparation  of  Polymers 

3. 4. 3.1  General  method  for  uncyclized  polymers 

Hexamethylene  di i sothiocyanate  (4.006  g,  0.02mol)  was 
dissolved  in  dry  degassed  DMSO  (25  mL ) . To  a mixture 
containing  the  p-phenylenediamine  and  terephthalic 
dihydrazide,  (in  varying  amounts  (see  Table  3.1)  total 
0.02mol)  was  added  further  DMSO  (75  mL ) . The  mixture  was 
stirred  unde r nitrogen  and  the  isothiocyanate  solution  was 
added  at  once.  The  temperature  was  then  raised  to  100°C  and 
stirring  continued  for  2 h.  After  cooling,  the  solution  was 
precipated  into  distilled  water  (1  L)  in  a blender  to  yield 
the  polymer  as  a fine  white  powder,  which  was  thoroughly 
washed  with  water  and  dried  at  50°C  ^ vacuo . Physical 
properties  of  the  polymers  prepared  are  given  in  Table  3.1. 


3. 4. 3. 2 General  method  for  cyclization  of  polymers 

The  polymer  (2.0  g)  was  stirred  in  100  mL  of 
concentrated  aqueous  ammonia  at  room  temperature.  After  a 
few  minutes  polymers  3.13-3.20  were  all  seen  to  dissolve  to 
form  yellow  solutions.  Stirring  of  these  solutions  was 
continued  for  1 h.  In  the  cases  of  3.21  and  3.22  the 
polymers  did  not  dissolve  fully,  although  some  solubility 
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was  indicated  by  the  solution  attaining  a yellow  color.  In 
these  cases  stirring  was  continued  for  24  h at  room 
temperature . 

After  the  above  periods,  the  solution  was  gently  warmed 
on  a sream  bath  to  drive  off  the  ammonia.  This  resulted  in 
the  precipitation  of  the  polymer  as  a yellowish  solid,  which 
was  filtered  and  washed  thoroughly  with  water,  then  dried  at 
50°C  ^ vacuo . Physical  properties  of  the  polymers  prepared 
are  given  in  Table  3.2. 


CHAPTER  4 

INVESTIGATIONS  OF  OTHER  PROSPECTIVE  POLYMER  PREPARATIONS 


4 . 1 Toward  Preparation  of  Pyrrole-containing  Polymers 
4.1.1  Synthesis  and  Properties  of  Pyrroles 

Although  unsubstituted  pyrroles  are  quite  sensitive 
toward  oxidation,  those  containing  an  ester  function  at  the 
3-position  show  by  contrast  considerable  stability.  These 
compounds  are  thus  of  interest  in  the  development  of 
the rmally-resi stant  polymers. 

Several  monographs  contain  chapters  detailing  the  many 
synthetic  routes  that  lead  to  pyrroles  ( 24MI1 , 77MI1 ] . 

Substituted  2-alkyl-3-alkoxycarbonylpyr roles  (4.3)  may 
be  prepared  by  the  Hantzsch  synthesis,  the  reaction  of  an 
a-haloketone  (4.1)  with  a S-ketoester  (4.2)  and  ammonia 
[1890CB1474]  (Scheme  4.1).  This  reaction  has  been  reviewed 
by  Roomi  and  MacDonald  [70CJC1689],  and  is  one  of 
considerable  versatility.  Unfortunately  typical  yields  are 
below  50%,  often  accompanied  by  products  from  the  competing 
Feist  furan  synthesis  (4.4)  [02CB1539].  Such  low  yields 
meant  that  the  Hantzsch  pyrrole  synthesis  could  not  be 
considered  as  a polymer-forming  step. 
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Hal 

R^CHCOR^  + R^COCH2COOEt 

4.1  4.2 


H 


4.3 


+ 

R^  COOEt 


4.4 


Scheme  4.1 


Benary  modified  the  Hantzsch  synthesis,  replacing  the 
a-haloketones  (4.1)  by  dihalogenoethe r s (4.5)  (Scheme  4.2) 
[11CB495].  This  modification  allowed  the  use  of  amines  as 
well  as  ammonia.  Although  the  overall  yields  of  pyrrole 
(4.6)  are  improved,  furan  formation  again  intervenes,  the 
ratio  of  furan  to  pyrrole  being  very  dependent  on  the 
structure  of  the  particular  amine  employed  [67BSF2796]. 
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Scheme  4.2 


Ami noc r o ton i c esters  (4.7),  which  have  been  proposed  as 
intermediates  in  the  Hantzsch  synthesis,  condense  in  the 
presence  of  Lewis  acids  with  (3-ketols  (4.8)  to  form 
l-substituted-3-alkoxycarbonylpyr roles  ( 4.9) 

[ 0 2CB 1 5 58 , 6 5C JC2 6 2 8 ] (Scheme  4.3).  Typical  yields  are, 
unfortunately,  only  in  the  30-50%  range. 

nhr'^  oh 
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R C=CHCOOEt  + R CHCOR 

4.7  4.8 


4.9 


Scheme  4 . 3 
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The  reaction  shown  in  Scheme  4.3  is  often  referred  to 
as  the  Feist  pyrrole  synthesis.  Interestingly  enough,  no 
report  could  be  found  of  the  analogous  reaction  with 
a-haloketones , or  the  sulfur  ylids  derived  from  them, 
although  these  are  employed  in  the  Feist  furan  synthesis  and 
might  also  be  expected  to  give  high  yields  of  the  pyrroles 
[ 74CL101 ] . 

Another  well-known  method  for  the  preparation  of 
pyrroles  is  the  Knorr  synthesis  [ 1884CB1635 ] . This  involves 
the  reaction  of  an  a-aminoketone  (4.12)  with  a 
p-ketoester  (e.g.  ethyl  acetoacetate ) . The  a-aminoketone 
(4.12)  is  usually  prepared  situ  by  nitrosation  of  a 
carbonyl  compound  (4.10)  followed  by  reduction  of  the 
intermediate  ketoxime  (4.11)  (Scheme  4.4).  This  reaction  has 
been  reviewed  by  Corwin  [50MI1]. 
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Knorr  and  Lange  later  reported  that  prior  isolation  of 

the  a-aminoketones  greatly  increased  the  yields  [02CB2998]. 

To  prevent  the  self-condensation  of  a-aminoketones  to  give 

pyrazines  (4.13)  [72IZV1674]  (Scheme  4.5),  the  reaction  is 

carried  out  using  the  hydrochloride  or  hydrobromide  salt  of 

the  a-aminoketone  in  a buffered  solution.  The  free 

aminoketone  is  released  only  slowly  in  the  presence  of  an 

excess  of  the  other  component.  For  instance,  Knorr  and  Lange 

reported  a quantitative  yield  of  ethyl  2-methyl-4-phenyl- 

1 2 3 

pyrrole-3-carboxylate  (4.3,  R = Ph,  R = H,  R = Me)  from 
the  reaction  of  a-aminoacetophenone  hydrobromide  (4.14)  with 
ethyl  acetoacetate  (Scheme  4.6),  as  compared  to  only  40% 
from  the  nitrosation  route. 
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Scheme  4.6 
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A high  yielding  pyrrole  synthesis  is  the  cycloaddition 
of  mesoionic  oxazoles  (4.15),  often  referred  to  as 
Miinchnones,  with  dimethyl  acetylenedicarboxylate  ( DMAD ) 
(4.16)  or  other  alkynes.  The  initially-formed  bridged 
intermediate  (4.17)  decomposes  with  the  loss  of  carbon 
dioxide  to  give  a highly-substituted  pyrrole  (4.18).  Yields 
as  high  as  95%  can  be  obtained  under  very  mild  conditions 
[ 64AG(  E ) 135  ] . The  starting  Miinchnones  (4.15)  are  readily 
available  from  simple  starting  materials.  This  sequence  is 
shown  in  Scheme  4.7. 
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Although 
give  pyrroles 
in  low  yields 
substitution 


many  other  reactions  have  been  reported  to 
[77MI1],  they  are  mostly  less  general,  occur 
and  often  do  not  give  products  with  suitable 
patterns  for  extension  to  polymer  systems. 


4.1.2  Previous  Reports  of  Pyrrole-containing  Polymers 

The  reaction  of  Miinchnones  (4.15)  with  triple  bonds  as 
described  above  (Scheme  4.7)  has  been  used  to  prepare 
polymers  containing  the  pyrrole  ring.  Thus  Manecke  and 
Klawitter  were  able  to  form  bisMiinchnones  (4.19)  situ  and 
react  them  with  suitable  bisalkynes  (4.20)  to  give 
polypyrroles  (4.21)  of  high  molecular  weight  [74MAK3383] 

( Scheme  4.8). 
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4.1.3  Results  and  Discussion 
4. 1.3.1  Synthetic  strategy 

Our  intentions  were  to  develop  a series  of  polymers 
containing  the  pyrrole  moeity  in  the  backbone,  preferably  by 
a method  where  the  heterocycle-forming  and  polymer-forming 
steps  were  one  and  the  same.  An  example  of  this  has  been 
described  in  Section  4.1.2,  and  indeed  confirmed  that 
polymers  of  this  type  might  be  useful.  However  for  reasons 
of  patentability  it  was  decided  to  investigate  other 
potential  reactions  leading  to  pyrroles. 

The  reaction  of  a-aminoketones  (4.12)  with  p-ketoeste r s 

(the  Knorr-Lange  reaction)  was  worthy  of  further 

investigation  as  a possible  route  to  polymers.  Condensation 

of  a-aminoacetophenone  hydrobromide  (4.14)  with  ethyl 

acetoacetate  (4.2,  = Me)  was  carried  out  according  to  the 

literature  procedure.  The  components  were  heated  in  a sodium 

acetate— acetic  acid  buffer  at  100°C  for  one  hour.  The 

solution  was  then  poured  into  water  and  the  product 

crystallized  out.  The  desired  ethyl  2-methyl- 

1 2 

4-phenylpyr role-3-carboxylate  (4.3,  R = Ph,  R = H, 

R^  = Me)  was  isolated  in  91%  yield. 
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Several  examples  by  Knorr  and  Lange  indicated  that 
changes  in  the  substitution  pattern  of  the  reagents  led  to 
drastic  changes  in  the  product  yield.  Thus  it  was  decided  to 
keep  structural  alterations  to  a minimum.  The  group  in  the 
3-position  remained  an  ester  and  that  at  the  4-position  a 
substituted  phenyl  ring.  This  led  to  the  plan  shown  in 
Scheme  4.9  to  prepare  polymers  4.24. 
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OOCCH2COCH 
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4.23 


Scheme  4.9 


Bi s ( acetoacetate  esters)  (4.23)  are  well  known  in  the 
literature  and  their  synthesis  is  described  in  Section 
4. 1.3. 2 below.  Bis ( a-aminoketones ) (4.22),  on  the  other 
hand,  are  somewhat  rare  in  the  literature.  This  turned  out 
to  be  the  major  synthetic  challenge  in  this  project  and  is 
discussed  below  in  Section  4. 1.3. 3. 
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4. 1.3. 2 Preparation  of  bisacetoacetate  esters 

The  group  represented  by  Y in  Scheme  4.9  could  be  a 
straight  chain  alkyl  group  or  might  contain  heteroatoms.  It 
was  decided  to  investigate  the  bi sacetoacetates  (4.23) 
derived  from  ethylene  glycol  (4.25a),  1 , 6-hexanedi ol  (4.25b) 
and  triethylene  glycol  (4.25c). 

The  reaction  of  alcohols  with  diketene  (4.26)  is  known 
to  produce  the  corresponding  acetoacetate  esters 
[ 40IEC16 , 59JCS2544 ] . It  was  found  that  the  bisacetoacetate 
esters  (4.23a-c)  could  be  prepared  by  the  action  of  two 
equivalents  of  diketene  (4.26)  on  the  appropriate  glycol 
(4.25a-c)  at  100°C  (Scheme  4.10).  The  products  were  isolated 
by  distillation  under  reduced  pressure.  However  the  yields 
were  considerably  lowered  due  to  extensive  polymerization 
during  the  distillation.  By  performing  the  distillation  at 
lower  temperatures,  better  yields  (>  50%)  could  be  obtained. 

Patterson  et  have  reported  the  preparation  of  a 

number  of  bisacetoacetate  esters  (4.23)  by  the  trans- 
esterification reaction  between  a glycol  (4.25)  and  ethyl 
acetoacetate  [59JA4213].  This  method,  in  our  hands,  gave 
results  superior  to  the  diketene  method,  with  less  tendency 
to  polymerization  (Scheme  4.10). 
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Scheme  4.10 


4 . 1 . 3 . 3 Attempted  formation  of  bi s ( a-aminoke tones ) 


Preparation  of  the  bis ( a-aminoketones ) , the  other 
component  for  the  projected  polymer  synthesis,  presented 
considerable  problems.  Baumgarten  and  Petersen  [73OS(V)909] 
have  briefly  reviewed  some  of  the  methods  used  for  the 
preparation  of  aromatic  a-aminoketones.  Amination  of 
phenacyl  bromides  (4.27)  is  a commonly  practiced  route  to 
aromatic  a-aminoketones  (4.30)  (Scheme  4.11).  The  latent 
amine  nucleophile  can  be  either  hexamethylenetetramine 
(HMTA)  (4.28)  [11CB1542]  or  the  phthalimide  anion  (4.31) 
[08CB1132].  In  the  HMTA  variation  (the  Delepine  reaction),  a 
quaternary  salt  (4.29)  is  initially  formed  which  on 
hydrolysis  gives  the  a-aminoketone . 
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Scheme  4.11 


a-Aminolcetones  have  also  been  prepared  by  methods  where 
a key  reduction  step  generates  the  a-amino  function  from 
suitable  precursors  (Scheme  4.12).  Thus  reduction  of 
a-nitrophenacyl  derivatives  (4.33)  with  Sn/HCl  or  SnCl2 
gives  fairly  good  yields  of  the  corresponding  a-aminoketones 
[49JA2469].  Similarly  the  a-azido  derivatives  (4.34)  on 
catalytic  hydrogenation  produce  the  a-aminoketones  in  fair 
yields  [53M1021].  However  the  starting  a-nitro  and  a-azido 
derivatives  are  sometimes  very  difficult  to  prepare  thus 
lowering  the  overall  efficacy  of  the  process. 
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ArCOCH2X  > ArCOCH2NH2 

4.33,  X = NO- 

4.34,  X = 

Scheme  4.12 

Base  catalyzed  rearrangement  of  oxime  tosylates  (4.35) 
(the  Neber  rearrangement)  [ 35LA( 515 ) 283 ] is  an  attractive 
route  to  aromatic  a-aminoketones  (Scheme  4.13).  The  starting 
materials,  in  most  cases,  are  readily  available  and  the 
rearrangement  can  be  achieved  under  fairly  mild  conditions. 
N,N-Dimethylhydrazone  methiodides  (4.36)  also  undergo 
similar  rearrangement  to  produce  a-aminoketones  [57JOC358], 
however  the  latter  are  more  difficult  to  prepare  than  the 
corresponding  oximes  and  hence  not  widely  used. 
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Friedel  Crafts  acylation  of  arenas  (4.37)  with  glycyl 
chloride  hydrochloride  (4.38)  (57JPR91]  offers  a very 
interesting  route  to  aromatic  a-amino)<etones  (Scheme  4.14). 
However,  only  very  reactive  aromatics  can  be  utilized  for 
this  reaction. 

Aid, 

ArH  + HCI.H2NCH2COCI  ^ > ArCOCH2NH2 

4.37  4.38 

Scheme  4.14 

Baumgarten  e_t  al . have  shown  that  conversion  of 
a-phenylethylamine  (4.39)  to  the  chloramine  (4.40)  followed 
by  base  catalyzed  rearrangement  affords  excellent  yields  of 
a-aminolcetones  [73OS(V)909]  (Scheme  4.15).  According  to 
these  authors,  this  procedure  produced  the  best  yields  of 
a-aminoacetophenone  when  compared  to  any  other  method 
described  above.  However  this  is  a multistep  process  and  is 
unsuitable  for  large  scale  preparations.  In  view  of  this  the 
Delepine  reaction  is  more  attractive  due  to  the  ready 
availability  of  HMTA  (4.28)  and  easier  wor)cing  procedure. 
Although  the  yields  in  the  Delepine  reaction  are  somewhat 
low,  it  can  be  carried  out  on  a large  scale,  which  is  very 
desirable  for  polymer  preparations. 
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There  are  only  two  reports  which  describe  the 
preparation  of  aromatic  bis ( a-aminoketones ) . Starting  from 
the  bis-bromoacetyl  derivative  (4.43),  Schubert  £t  al. 
[63JPR140]  have  used  the  Delepine  reaction  to  prepare 

1 . 4- bis ( a-aminoacetyl )benzene  (4.44).  The  former  was  easily 
made  by  dibromination  of  the  readily  available 

1 . 4- diacetylbenzene  (4.42)  (Scheme  4.16). 
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Shono  et  al.  have  prepared  4 , 4 ' -bi s ( a-aminoacetyl ) - 
diphenyl  ether  (4.22,  X = 0)  and  studied  its  reaction  with 
bis(acid  chlorides)  (4.45)  to  give  polyamides  (4.46). 
Subsequent  cyclodehydration  led  to  the  corresponding  oxazole 
polymers  (4.47)  [67PL1001]  (Scheme  4.17).  However,  the 
authors  provide  no  experimental  details  for  the  preparation 
of  the  starting  bis  ( a— aminoltetone  ) , saying  merely  that  it 
was  synthesized  "by  modification  of  Mannich's  method" 
[11CB1542],  i.e.  the  Delepine  reaction. 
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Considering  all  the  results  discussed  above,  and  taking 
into  account  the  availability  of  bifunctional  starting 
materials,  we  decided  to  use  the  Delepine  reaction  to 
prepare  the  required  bi s ( a-aminoketones ) (4.22).  This  would 
allow  us  to  start  from  bisketones  (4.49),  which  we  envisaged 
as  being  prepared  by  Friedel  Crafts  acylation  of  the 
corresponding  bisaromatic  compounds  (4.48)  (Scheme  4.18). 

The  group  represented  by  X in  Scheme  4.18  (and  Scheme 
4.9)  could  be  an  alkyl  group,  a heteroatom  or  could  be  a 
direct  bond  (i.e.  a biphenyl  derivative).  We  chose  initially 
to  study  the  derivatives  of  diphenyl  ether  (4.48a), 
diphenylmethane  (4.48b)  and  biphenyl  (4.48c)  since  these 
were  all  commercially  available  starting  materials. 

Attention  was  thus  focussed  on  the  Delepine  reaction, 
which  converts  a-bromoketones  to  a-aminoketone  hydrohalides. 
A quaternary  salt  (cf  4.29)  is  first  formed  with 
hexamethylenetetramine  (4.28),  which  decomposes  to  the 
required  a-aminoketone  salt  (cf  4.30)  on  treatment  with 
ethanol  and  hydrochloric  acid  (Scheme  4.11).  After  three 
days  the  precipitated  ammonium  chloride  is  filtered  off  and 
the  solvent  evaporated  iji  vacuo  at  ambient  temperature.  The 
product  is  reported  to  be  90%  bromide  and  10%  chloride.  It 
was  reasoned  that  this  mixture  would  nonetheless  be  suitable 
for  the  Knorr-Lange  reaction,  provided  that  the  Br/Cl  ratio 
was  known  to  allow  accurate  molecular  stoichiometry  or  could 
be  recrystallized  to  give  the  pure  hydrobromide.  Scheme  4.18 
depicts  the  proposed  route  to  the  target  materials. 
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Scheme  4.18 


In  an  initial  study  of  this  reaction,  2-bromo- 
acetophenone  (4.27)  was  converted  to  a-aminoacetophenone 
hydrohalide  (4.14)  in  73%  yield  (calculated  assuming  the 
above  ratio  of  salts). 

Friedel  Crafts  acylations  of  diphenyl  ether  (4.48a) 
[57JOC750],  diphenylmethane  (4.48b)  [57JOC750]  and  biphenyl 
(4.48c)  [34JA2429]  have  already  been  reported.  In  the  case 
of  4.48a,  which  is  activated  by  the  oxygen  atom,  the 
reaction  proceeds  easily.  However,  large  excesses  of  both 
acetyl  chloride  and  aluminum  chloride,  as  well  as  longer 
reaction  times  were  necessary  when  starting  from  4.48b  and 
4.48c.  Purification  was  considerably  more  difficult  in  these 
cases,  particularly  attempts  to  prepare  4.49b  often  resulted 
in  brown  tars  which  required  multiple  recrystallizations. 
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Bromination  of  the  bisketones  (4.49a-c)  has  been 
reported  in  acetic  acid  by  Longone  and  Un  [ 65JPO( A) 3117 ] . 
Russian  workers  have  reported  the  same,  but  in  ether 
solution  [70JOU341].  Bromination  of  4.49a  in  acetic  acid 
gave  a 68%  yield  of  the  pure  bi s ( bromoacetyl ) derivative 
(4.50a).  Attempts  to  prepare  4.50b  and  4.50c  by  this  method, 
however,  gave  mixtures  of  brominated  products  and  starting 
materials.  Bis[ 4-( a-bromoacetylphenyl ) Jmethane  (4.50b)  was, 
however,  prepared  by  bromination  in  ether  and  after 
purification  had  satisfactory  spectra  and  a melting  point 
matching  that  reported  by  Longone  and  Un . Unfortunately,  the 
biphenyl  derivative  (4.50c)  could  not  be  prepared  in  a pure 
form  by  this  procedure. 

Initial  studies  of  the  Delepine  reaction  were  carried 
out  using  the  easily  accessible  dibromide  (4.50a).  Reaction 
of  this  dibromide  (4.50a)  with  hexamethylenetetramine  (4.28) 
in  hot  chloroform  resulted  in  a viscous  oil.  This  was 
dissolved  in  ethanol/hydrochloric  acid  which  unfortunately 
produced  an  intractible  gummy  residue  and  none  of  the 
desired  bi s ( a-aminoketone ) (4.22a).  This  is  in  sharp 
contrast  to  the  preparation  of  a-aminoacetophenone 
hydrohalide  where  mixing  the  reactants  under  identical 
conditions  led  to  an  immediate  copious  white  precipitate.  On 
the  other  hand,  a white  precipitate  was  obtained  when  the 
dibromide  (4.50a)  and  hexamethylenetetramine  (4.28)  were 
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stirred  together  at  room  temperature  for  several  days.  The 
solid  was  filtered  off  and  treated  with  ethanol/hydrochloric 
acid.  Despite  several  attempts,  the  only  products  that  could 
be  isolated  were  small  amounts  of  methylammonium  salts. 

One  possible  explanation  for  the  failure  of  this 
reaction  is  that  the  initial  mono-HMTA  adduct,  being  very 
bulky,  is  thrown  out  of  the  reaction  phase  preventing 
reaction  at  the  other  bromine  atom.  When  the  second  stage  is 
carried  out,  the  unreacted  bromide,  in  the  presence  of  the 
amine,  could  lead  to  polymeric  materials. 

In  this  light  the  Delepine  route  to  the 
bi s ( a-aminoketones ) (4.22)  appeared  unattractive.  With  the 
bisketones  (4.49)  in  hand,  we  decided  to  investigate  the 

Neb°r  rearrangement  pathway  (i.e.  4.35  > 4.30)  toward  the 

desired  bi s ( a-aminoketones ) (4.22).  Initial  tests  were 
carried  out  using  acetophenone  as  the  model  compound.  It  was 
found  that  while  the  oxime  was  easily  formed,  its  tosylate 
was  very  unstable  and  considerable  decomposition  and  side 
reactions  occurred  during  the  attempted  Neber  rearrangement. 
Since  losses  experienced  with  a bifunctional  component  would 
be  exponentially  increased,  further  investigation  towards 
the  target  bi s ( a-aminoketones ) (4.22)  was  abandoned. 
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4. 1.3. 4 Conclusion 

Serious  difficulties  were  encountered  in  the 
preparation  of  bis ( a-aminoketones ) (4.22).  Thus  the 
extension  of  the  Knorr— Lange  reaction  to  produce  polymers 
was  deemed  impossible.  Lack  of  further  high  yielding  routes 
to  pyrroles  provided  no  further  impetus  for  the  current 
investigation. 


4.1.4  Experimental 

4 . 1 . 4 . 1 Apparatus  and  procedures 

Melting  points  were  determined  using  a hot-stage 

microscope.  All  temperatures  are  uncorrected.  ^H-NMR  spectra 

were  recorded  at  60MHz  using  a Varian  EM360L  spectrometer 
1 3 

and  C-NMR  spectra  using  a Jeol  FXlOO  or  Varian  XL200. 

Deuterochloroform  was  used  as  solvent  for  monomers,  DMSO-d^ 

6 

for  dimers  and  polymers  unless  otherwise  stated. 

Tetramethylsilane  was  used  as  an  internal  standard  for 

^H-NMR,  the  solvent  peaks  of  DMSO-d,  (639.5)  and  CDCl 

o 3 

1 3 

(577.0)  in  C-NMR  spectroscopy.  Infrared  spectra  were 
determined  using  a Perkin  Elmer  283B  spectrometer. 


4. 1.4. 2 Compounds  prepared 
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4. 1.4. 2.1  Ethyl  2 
(4.3,  = Ph, 


-methyl-4-phenylpyr role-3-carboxylate 

= H,  = Me) 


This  model  compound  was  prepared  from 
a-aminoacetophenone  hydrobromide  (4.14a)  and  ethyl 
acetoacetate  (4.2  R^  = Me)  in  the  manner  described  by  Knorr 
and  Lange  [02CB2998].  Yield  92%,  m.p.  106-107°C, 
lit . [ 02CB2998 ] m.p.  105°C.  ^H-NMR  ( DMSO-dg ) 58.4  iH(broad) 
(NH),  7.3  5Hs  (CgHg),  5.6  iHs  (ring  CH) , 4.1  2Hq  ( OCH2 ) , 2.6 
3Hs  (ring  CH^ ) , 1.0  3Ht  (OCH2CH2). 


'1'1-4.2.2  1 , 6-Hexanediyl  bisacetoacetate  (4.23b)  from 
1 , 6-hexanediol  (4.25b)  and  diketene  (4.26) 

1 , 6-Hexanediol  (4.25b)  (23.6  g,  200  mmol)  and 
£-toluenesulfonic  acid  (0.5  g)  were  heated  to  100°C  and 
treated  with  diketene  (4.26)  (33.6  g,  400  mmol)  at  such  a 
rate  that  the  temperature  of  100°C  was  maintained.  The 
heating  was  continued  for  2 h and  the  product  was  diluted 
with  ether,  washed  thoroughly  with  water  and  then  NaHCO^ 
(aq),  dried  over  anhydrous  magnesium  sulfate.  Distillation 
under  reduced  pressure  gave  1 , 6-hexanediyl  bisacetoacetate 
(4.23b)  as  a colorless  liquid,  bp  150-153°C,  2.4  ramHg,  yield 
25.7  g,  (90  mmol,  45%).  The  compound  had  identical  spectra 
to  the  sample  prepared  from  1 , 6-hexanediol  (4.25b)  and  ethyl 
acetoacetate  (4.2  R^  = Me)  (vide  infra). 
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4. 1.4. 2. 3 Preparation  of  bi sacetoacetates  from  diols  4.25 
and  ethyl  acetoacetate  (4.2  = Me) 

1 , 6-Hexanediyl  bi sacetoacetate  (4.23b) 

1,6-Hexanediol  (4.25b)  (23.6  g,  200  mmol)  was  mixed 
with  ethyl  acetoacetate  (4.2  = Me)  (65.0  g,  500  mmol)  and 

heated  slowly  in  a distillation  apparatus  until  the 
calculated  amount  of  ethanol  (18.4  g,  400  mmol)  had  been 
collected.  The  excess  ethyl  acetoacetate  was  removed  under 
reduced  pressure  and  finally  1 , 6-hexanediyl  bisacetoacetate 
(4.23b)  was  distilled  over.  Yield  25.7  g (154  mmol,  77%), 
bp  160 °C,  5 mmHg. 

^H-NMR  (neat)  54.8  4Hs  (COCH2CO),  3.9  4Ht  (Hl,H6),  2.1  6Hs 
(CH^),  1. 7-1.0  8Hm  ( H2 , H3 , H4 , H5 ) . ^^C-NMR  (CDCl^)  5200.1 
(CH2COCH3),  166.5  (OCOCH2),  62.1  (C1,C6),  49.2  (C2,C5),  29.7 
(C3,C4).  ANAL  Calcd  for  C^^H220g  C ; 58.7,  H,  7.7%.  Found  C ; 
58.8,  H;  7.8%. 


The  following  were  prepared  in  a similar  fashion: 

1 , 2-Ethanediyl  bisacetoacetate  (4.23a) 

Yield  82%,  bp  158-159°C,  0.9  mmHg,  lit.  [59JA4213]  bp 

150-152°C,  0.5  mmHg.  ^H-NMR  (neat)  54.4  4Hs  (COCH2CO),  3.6 

4Hs  (H1,H2),  2.3  6Hs  (CH,).  ANAL  Calcd  for  C ; 52.2, 

— j 1 U 1 4 6 ' 

H;  6.1%.  Found  C ; 52.0,  H ; 6.2%, 
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3 , 6-Dioxy-l , 8-octanediyl  bi sacetoacetate  (4.23c) 

From  triethylene  glycol.  Yield  79%,  bp  210-215°C,  1.2 
mmHg.  ^H-NMR  (neat)  54.2  4Ht,  3.5  4Ht  and  4Hs,  2.1  4Hs,  1.9 
6HS.  ANAL  Calcd  for  C^^H220g  C;  52.8,  H ; 6.9%.  Found  C; 
52.5,  H;  7.1%. 

4. 1.4. 2. 4 g-Aminoacetophenone  hydrohalide  (4.14)  via  the 
Delepine  reaction  ~ 

2-Bromoacetophenone  (4.27  Ar=Ph)  (19.9  g,  100  mmol)  in 
hot  chloroform  (200  mL ) is  added  to  hexamethylenetetramine 
(4.28)  (14.0  g,  100  mmol)  also  in  chloroform  (200  mL ) . A 
copious  white  precipitate  is  formed  immediately.  The  product 
is  left  to  stand  for  12  h,  filtered,  dried  and  the  crude 
product  treated  with  cone,  hydrochloric  acid  (35  mL ) and 
ethanol  (240  mL).  After  stirring  for  72  h the  precipitated 
ammonium  chloride  was  filtered  off  and  the  solvent  removed 
^ vacuo . The  product  is  reported  to  be  mixture  of  HBr  and 
HCl  salts  in  a 9:1  ratio.  The  white  solid  was  then 
recrystallized  twice  from  small  quantities  of  water  to  give 
15.3  g (73%)  of  the  hydrobromide  (4.14)  as  white  prisms, 
m.p.  215-216°C,  lit.  [ 35LA( 515 ) 283 ] m.p.  216-217°C 
^^C-NMR  (DMSO-dg)  5192  (C=0),  134.3,  133.5,  128.9,  128.0, 

44.8  (CH2) 
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4. 1.4. 2. 5 4 , 4 ' -Diacetyldiphenyl  ether  (4.49a) 

Diphenyl  ether  (4.48a)  (34.0  g,  200  mmol)  was  added 
with  stirring  to  a slurry  of  anhydrous  aluminum  chloride 
(80  g,  600  mmol)  in  carbon  disulfide  (500  mL ) . Acetyl 
chloride  (48.0  g,  600  mmol)  was  added  at  such  a rate  as  to 
keep  the  carbon  disulfide  gently  refluxing.  The  mixture  was 
refluxed  for  a further  3 h.  The  carbon  disulfide  was 
decanted  off  and  the  dark  reddi sh/brown  semisolid  hydrolyzed 
by  pouring  in  crushed  ice/HCl.  The  product  was  filtered, 
washed  with  water  and  dried  vacuo . Recrystallization  from 
95%  ethanol  gave  34.5  g (136  mmol,  68%)  4 , 4 ' -diacetyl- 
diphenyl  ether  (4.49a)  as  white  platelets  m.p.  101-102°C, 
lit.  [57JOC750]  m.p.  100-101°C.  ^H-NMR  (CDCl^)  67.90  4Hd 
(J=8Hz)  (H3,H5),  7.10  4Hd  (J=8Hz)  (H2,H6),  2.55  6Hs  ( CH^ ) . 

IR  (CHBr^)  V (cm“^)  1750(s),  1580(s),  1500(m),  1410(w), 
1350(m),  1300(w),  1270(m),  1240(s),  lOlO(w),  960(w),  870(w), 
850(w),  830(w). 


4. 1.4. 2. 6 4,4'-Diacetyldiphenylmethane  (4.49b) 

Diphenylmethane  (4.48b)  (33.6  g,  200  mmol)  was  added 
with  stirring  to  a slurry  of  anhydrous  aluminum  chloride 
(120  g,  900  mmol)  in  carbon  disulfide  (500  mL) . Acetyl 
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chloride  (48.0  g,  600  mmol)  was  added  at  such  a rate  as  to 
keep  the  carbon  disulfide  gently  refluxing.  The  mixture  was 
refluxed  for  a further  3 h.  The  carbon  disulfide  was 
decanted  off  and  the  dark  brown  semisolid  hydrolyzed  by 
pouring  in  crushed  ice/HCl.  The  product  was  filtered,  washed 
with  water  and  dried  ^ vacuo . Recrystallization  twice  from 
95%  ethanol  gave  11.1  g (44  mmol,  22%)  4 , 4-diacetyl- 
diphenylmethane  (4.49b)  as  light  brown  needles  m.p.  91-93°C, 
lit.  [57JOC750]  m.p.  93.5-94.5°C.  ^H-NMR  (CDCl^)  67.80  4Hd 
(J=8Hz)  (H3,H5),  7.25  4Hd  (J=8Hz)  (H2,H6),  4.00  2Hs  ( CH2  ) , 

2.65  6Hs  (CHj) . 


4. 1.4. 2. 7 4 , 4 ' -Diacetylbiphenyl  (4.49c) 

Biphenyl  (4.48c)  (25.4  g,  200  mmol)  was  added  with 
stirring  to  a slurry  of  anhydrous  aluminum  chloride  (120  g, 
900  mmol)  in  carbon  disulfide  (500  mL) . Acetyl  chloride 
(48.0  g,  600  mmol)  was  added  at  such  a rate  as  to  keep  the 
carbon  disulfide  gently  refluxing.  The  mixture  was  refluxed 
for  a further  3 h.  The  carbon  disulfide  was  decanted  off  and 
the  dark  reddi sh/brown  semisolid  hydrolyzed  by  pouring  in 
crushed  ice/HCl.  The  product  was  filtered,  washed  with  water 
and  dried  ^ vacuo . Recrystallization  from  95%  ethanol  gave 
16.2  g (68  mmol,  34%)  4 , 4-diacetylbiphenyl  (4.49c)  as  white 
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platelets  m.p.  191-192°C,  lit.  [57JOC750]  m.p.  192-193°C. 
^H-NMR  (CDCI3)  58.10  4Hd  ( J=9Hz ) (H3,H5),  7.60  4Hd  (J=9Hz) 
(H2,H6  ) , 2.60  6HS  ( CH3 ) . 

'^•1-4.2. 8 4 , 4 ' -Bisbromoacetyldiphenyl  ether  (4.50a) 

4 , 4 '-Diacetyldiphenyl  ether  (4.49a)  (25.4  g,  100  mmol) 
was  dissolved  in  acetic  acid  (500  mL)  and  bromine 
(32.0  g,200  mmol)  was  added  slowly  with  stirring.  The 
mixture  was  stirred  for  12  h at  room  temperature  and  the  red 
color  of  the  bromine  slowly  discharged  to  leave  an  off  white 
precipitate.  This  was  filtered  off,  washed  with  cold  acetic 
acid  and  dried  to  give  4 , 4 ' -bi sbromoacetyldiphenyl  ether 
(4.50a)  as  white  needles  (ethyl  acetate),  yield  23.1  g, 

(56  mmol,  56%),  m.p.  118-120,  lit.  [ 65JP0( A) 3117 ] m.p.  120- 
121°C.  ^H-NMR  (DMSO-dg)  58.0  4Hd  (J=9Hz)  (H3,H5),  7.5  4Hd 
(J=9Hz)  (H2,H6),  4.5  4Hs  ( CH3 ) . IR  (CHBr3)  v ( cm"^ ) 1675(s), 
1600(m),  1580(s),  1500(s),  1420(m),  1300(m),  1275(s), 

1245(s),  1190(s),  lOlO(m),  990(m),  880(m),  840(m). 

4-1-4.2.9  4,4' -Bisbromoacetyldiphenylme thane  (4.50b) 

4 , 4 ' -Diacetyldiphenylmethane  (4.49b)  (5.0  g,120  mmol) 
was  dissolved  in  500  mL  diethyl  ether.  Bromine  (6.4  g. 
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40  mmol)  was  slowly  added  and  the  mixture  was  stirred  for 

3 h at  room  temperature.  The  volume  was  reduced  to  100  mL 

and  the  product  poured  into  water  (2  L).  The  pale  brown 

solid  was  filtered  off  and  dried  in  vacuo  to  give  3.3  g 

(8  mmol,  40%),  4 , 4 ' -bisbromoacetyldiphenylmethane  (4.50b)  as 

white  needles  (ethyl  acetate)  m.p.  139-141°C,  lit. 

[ 65JPO(  A)  3117  ] m.p.  139-140°C.  ^H-NMR  (DMSO-d,-)  68.0  4Hd 

b 

(J=9Hz)  (H3,H5),  7.4  4Hd  (J=9Hz)  (H2,H6),  4.5  4Hs  ( COCH2 ) , 
4.2  2Hs  (ArCH2Ar) 


4 ; 2 Investigations  aimed  towards  Polymers  of  the 
Bi simidazo [ 1 , 2-a ][ 1 , 2-c ] -pyrimidine  and  -s-triazTne 

Series . 

4.2.1  Literature  Bac)<ground 

The  reaction  of  2-aminopyr idine  (4.51)  with 
2-bromoacetophenone  (4.27)  was  reported  in  1928  by 
Tschi tschibabin  and  gives  rise  to  2-phenylimidazo- 
[ l,2-a]pyridine  (4.52)  [ 28GEP451733 ] . Later  authors  have 
found  that  in  presence  of  sodium  carbonate  this  reaction 
leads  to  a quantitative  yield  of  the  product  (4.52) 

( 36 IZV53 3 , 53 JA746 ] (Scheme  4.19). 
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4.51 


NaHCO^ 

PhCOCH^Br  — > 

Eton 


4.27 


4.52 


Scheme  4.19 


Contrary  to  an  earlier  report  [53M491],  Paolini  and 
Robins  claimed  to  have  extended  this  reaction  to 
2 , 6-di aminopy r idine  (4.53).  According  to  them,  selective 
reaction  at  one  of  the  amino  groups  in  (4.53)  can  be 
achieved  with  acyl  chlorides.  Thus,  in  the  presence  of 
sodium  bicarbonate,  the  reaction  of  (4.53)  with 
chloroacetaldehyde  led  to  an  88%  yield  of  4-amino- 
imidazo [ 1 , 2-a ] pyr idine  (4.54).  The  2-methyl  derivative 
(4.55)  was  also  prepared  but  is  reported  to  be  unstable 
[65JHC53]  (Scheme  4.20). 


4.54,  R = H 

4.55,  R = CH^ 


Scheme  4.20 
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A search  of  the  literature  revealed  no  reports  of 
analogous  reactions  involving  two  equivalents  of 
a-haloketones  with  2 , 4-diaminopyr imidine  or  related  systems. 
Such  reactions  could  potentially  lead  to 
bisimidazo [ 1 , 2 a ][ 1 , 2-c ] pyrimidines  or  related  tricyclic 
derivatives.  If  this  condensation  were  high  yielding,  it 
might  be  used  as  the  polymer-forming  step  in  the  present 
investigation.  Thus  by  using  the  bis ( a-bromoketones ) (4.50), 
which  we  had  already  prepared  in  earlier  work  (Section 
4. 1.3. 3),  and  reacting  them  with  2 , 4-diaminopyr imidine  or 
the  related  s — triazine  derivatives  we  hoped  that  s ome  novel 
heterocyclic  polymers  (4.57)  could  be  prepared 
(Scheme  4.21).  It  was  hoped  that  such  polymers,  with  a 
conjugated  ring  system,  would  have  interesting  properties, 
ps t i cul a r ly  as  regards  conductivity. 


124 


4.2.2  Synthetic  Strategy 

Diaminoheterocycles  like  (4.56)  appeared  ideally 
suited  for  our  polymer-forming  reactions.  An  example  of  such 
a heterocycle  is  melamine  (4.61)  which  is  a cheap  commercial 
chemical.  The  availability  of  the  three  amino  groups  has  led 
to  considerable  study  of  melamine  as  a cross-linking  agent, 
particularly  in  formaldehyde-based  resins.  However, 
preparation  of  linear  polymers  from  melamine  would  require 


125 


protection  of  one  of  the  amino  groups.  Only  two  reports 

could  be  found  where  utilization  of  this  strategy  has  led  to 

2 2 

linear  polymers.  In  one  such  example  N ,N  -diphenylmelamine 

(4.58)  was  condensed  with  the  bisphthalic  acid  derivative 

(4.59)  to  form  a linear  phthalimide  polymer  (4.60) 
[73RP376406,75EGP179561]  (Scheme  4.22). 

A literature  survey  was  undertalten  in  order  to  find  a 
suitable  protecting  group  for  one  of  the  amino  groups  of 
melamine  (4.61).  The  properties  and  reactions  of  melamine 
were  reviewed  in  1958  by  Bann  and  Miller  [58CRV131],  and  it 
would  appear  that,  save  for  an  intensive  study  of  its  cross- 
linking  properties,  it  has  been  the  subject  of  very  little 
subsequent  research. 


NPh- 

I 

N N 


H2N 


N 


NH- 


4.58 


COOH 


4.59 


4.60 


Scheme  4.22 
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Selective  functionalization  of  one  of  the  melamine 
amino  groups  has  rarely  been  realized.  Ostrogovich  found 
that  melamine,  on  treatment  with  an  excess  of  formamide, 
gave  the  monoformyl  derivative  (4.62)  (35G566] 

(Scheme  4.23).  However,  the  latter  was  reported  to  be 
insoluble  in  all  organic  solvents  except  formic  acid  (with 
which  it  reacts  to  give  melamine  triformate)  and  is  only 
slightly  soluble  in  hot  water.  This  precluded  its  use  in 
polymer  reactions  of  the  sort  we  envisaged. 


HCONH2 


NHCHO 


H2N 


NH2 


4.62 


Scheme  4.23 


The  amino  groups  of  melamine  are  surprisingly 
unreactive  towards  acid  chlorides  [58CRV131],  being  clearly 
less  reactive  than  2-aminopyr idine . With  acid  anhydrides, 
the  diacylated  derivative  (4.63)  can  be  obtained  at  higher 
temperatures  [35G566]  (Scheme  4.24). 
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Scheme  4.24 


Under  forceful  conditions  (180-200°C),  alkylamine 
hydrochlorides  displace  the  amino  group(s)  of  melamine.  A 
few  mono-  or  di-alkylmelamines  (4.64)  have  been  prepared  by 
this  method  [ 39BRP496690 , 41USP2228161 ] (Scheme  4.25).  The 
amines,  themselves,  require  sealed  pressure  vessels  and 
still  higher  temperatures  [ 53FRP913384 ] . Nonetheless,  the 
method  using  the  amine  hydrochlorides  appeared  to  be 
suitable  for  our  purpose  if  it  could  be  reproduced  with  the 
little  experimental  detail  available. 
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2 2. 

N ,N  -Dialkylmelamines  may  also  be  derived  from 

cyanuric  chloride  (4.65).  Thus  the  reaction  of  cyanuric 

chloride  (4.65)  with  four  equivalents  of  aqueous  ammonia 

resulted  in  the  quantitative  precipitation  of 

2 , 4-diamino-6-chloro-l , 3 , 5-triazine  (4.66)  [51JA2981].  The 

letter  on  treatment  with  one  mole  of  aqueous  diethylamine 
2 2 

gave  rise  to  N ,N  -diethylmelamine  (4.67)  in  91%  yield 
[51JA2984]  (Scheme  4.26). 
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2 2 

Attempts  to  prepare  the  required  N ,N  -dialkylmelamines 
by  these  methods  are  described  in  Section  4. 2. 3.1  below. 

Derivatives  of  diamino-s-tr iazine  appeared  equally 
promising  for  our  proposed  polymer  reaction.  Such 
derivatives  can  be  obtained  via  the  condensation  of 
di cyanadiamide  (4.68)  with  nitriles;  with  benzonitrile 

(4.69) ,  a good  yield  of  2 , 4-diamino-6-phenyl-l , 3 , 5-triazine 

(4.70)  is  obtained  [630S(IV)78]  (Scheme  4.27). 
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In  a related  reaction,  Modest  e_t  al . have  reported  the 
reaction  of  dicyanadiamide  with  cyclohexanone  (4.71)  to 
yield  2 , 4-diaminotetrahydroquinazoline  (4.72)  [65JOC1837] 
(Scheme  4.28),  which  is  an  example  of  the  2,4-diamino- 
pyrimidine  system. 


4.68  4.71 


4.72 


Scheme  4.28 


The  results  of  preparing  these  heterocyclic  systems  are 


described  in  Section  4. 2. 3. 2 below. 
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4.2.3  Results  and  Discussion 

4. 2. 3.1  Approaches  with  preformed  heterocyclic  rings 

2 2 

In  order  to  prepare  N ,N  -diethylmelamine  (4.67),  an 
equimolar  mixture  of  diethylamine  hydrochloride  and  melamine 
was  heated  at  200°C  for  24  hours.  It  was  hoped  that  any 
product  formed  (with  a reported  melting  point  of  170°C) 
might  accelerate  the  reaction  by  acting  as  a flux.  However, 
no  reaction  was  observed,  even  after  prolonged  heating  at 
250°C.  The  use  of  aniline  hydrochloride  was  equally 
ineffective  at  200°C.  Heating  at  higher  temperatures 
resulted  in  extensive  charring  and  decomposition. 


4. 2. 3. 2 Approach  by  ring-formation 


Earlier,  it  was  shown  that  dicyanadiamide  (4.68)  acts 
as  a powerful  building  block  for  the  synthesis  of  diamino- 
triazines  and  -pyrimidines  ( cf . Schemes  4.27  and  4.28).  In 
view  of  the  difficulty  in  reproducing  patent  materials,  we 
decided  to  adopt  this  approach  to  the  required  heterocycles. 
In  practice,  the  reaction  of  dicyanadiamide  with 
benzonitrile  in  the  presence  of  potassium  hydroxide  produced 
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benzoguanamine  (4.70)  in  comparable  yields  to  the  literature 

[ 6 SOS ( IV ) 78 ] . When  acetonitrile  was  used  as  the  nitrile 

component,  it  led  to  the  formation  of  2,4-diamino-6-methyl- 

1 , 3 , 5- t r i a z i ne  (4.73)  [ 43USP2302162 ] in  good  yield  (Scheme 

4.29).  The  tetrahydroquinazoline  derivative  (4.72) 

[65JOC1837]  could  also  be  prepared  via  the  condensation  of 

(4.68)  and  cyclohexanone,  showing,  once  more,  the 

effectiveness  of  the  dicyanadiamide  route. 

2 2. 

N ,N  -diethylmelamine  (4.67)  was  ultimately  prepared  from 
cyanuric  chloride  (4.65)  according  to  the  literature 
procedure  [ 51 JA2981 , 51JA2984 ] . 
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Scheme  4.29 


With  the  diaminoheterocycles  in  hand  we  proceeded  to 


examine  their  behavior  in  the  proposed  polymer-forming 
reaction  ( cf . Scheme  4.21).  The  heterocycles  (4.67),  (4.70), 
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(4.72)  and  (4,73)  were  each  reacted  with  two  equivalents  of 
phenacyl  bromide  (4.27)  under  standard  conditions  (sodium 
carbonate/ethanol,  eight  hours  at  25°C  followed  by  one  hour 
heating  under  reflux,  [53JA746]).  No  reaction  was  observed 
for  (4.70),  (4.72)  and  (4.73),  the  starting  materials  being 
recovered  in  each  case,  in  the  reaction  using  (4.67),  thin 
layer  chromatography  showed  the  presence  of  starting 
materials  together  with  two  other  minor  components.  The 
H-NMR  spectrum  of  the  crude  reaction  product  was  very 
complex  and  was  of  no  particular  help.  Repeated  attempts  at 
^ i f i ca  t i on  via  crystallization  were  unsuccessful. 
Increasing  the  time  of  reflux  generally  led  to  intractible 
brown  gums.  The  situation  could  neither  be  improved  by  using 
higher  boiling  solvents  like  dimethyl formamide  or  ethylene 
glycol . 

When  a mixture  of  the  melamine  derivative  (4.67)  and 
— — equivalent  of  (4.27)  was  heated  for  two  hours  at  140°C 
it  produced  an  yellow  viscous  oil,  which  gradually 
solidified.  The  ^H-NMR  spectrum  of  the  solid  showed  this  to 
be  the  expected  monoaddition  product.  However,  when  two 
equivalents  of  4.27  were  used  under  the  same  conditions  a 
brown  gummy  residue  was  formed.  This,  on  purification,  led 
to  an  yellow/brown  hygroscopic  solid.  Unfortunately,  the 
H-NMR  spectrum  of  the  latter  indicated  the  formation  of  the 
monoadduct.  Attempts  to  repeat  these  reactions  using  the 
other  heterocycles  led  mainly  to  decomposition. 


134 


4. 2. 3. 3 Conclusion 

The  abovementioned  polymer-forming  experiments  appeared 
to  be  less  promising  than  was  envisaged.  It  was  very 
unlikely  that  the  yields  of  the  reactions  would  increase  to 
the  levels  necessary  to  prepare  long-chain  polymers.  Further 
work  on  this  project  was  therefore  discontinued. 


4.2.4  Experimental 

4. 2. 4.1  2,4-Diamino-6-chloro-l,3,5-triazine  (4.66) 

Cyanuric  chloride  (4.65)  (18.4  g,  100  mmol)  was 
slurried  from  acetone  (50  ml)  into  a solution  of  aqueous 
ammonia  (6,8  g,  400  mmol)  in  water  (100  mmol).  The  mixture 
was  stirred  at  room  temperature  for  4 h.  The  mixture  was 
cooled  and  the  white  solid  was  collected  and  recrystallized 
from  water  to  give  2 , 4 , -diamino-6-chloro-l , 3 , 5-triazine 
(4.66)  (13.8  g,  95  mmol,  95%)  as  infusible  white  prisms, 
lit,  [51JA2981]  infusible.  IR  (CHBr^)  v (cm“^)  3200(s, 
broad),  1650(s,  broad)  1530(s),  1460(s),  1400(s),  1340(m), 
1310(m),  1255(m),  1200(w),  1175(w),  1060(m),  1050(m), 
lOlO(m),  900(w),  845(s),  800(s). 


135 


2 2 

4. 2. 4. 2 N ,N  -Diethylmelamine  (4.67) 

2 , 4-Diamino-6-chloro-l , 3 , 5-triazine  (4,66)  (7.3  g, 

50  mmol)  was  slurried  in  water  (200  mL)  and  diethylamine 

(7,3  g,  100  mmol)  was  added.  The  mixture  was  stirred  for  one 

hour  then  refluxed  for  2 h,  cooled  and  the  white  precipitate 

filtered  off  and  washed  with  water  to  give  6.0  g,  (45  mmol, 

2 2 

90%)  N ,N  -diethylmelamine  (4.67)  as  white  needles 
(isopropanol)  m.p.  169-170°C,  lit.  (51JA2984]  m.p.  168- 
170°C.  ^H-NMR  (DMSO-dg)  53.5  4Ht  (J=7Hz)  ( NCH2 ) , 1.1  6Hq 
(J=7Hz)  (CH3).  IR  (CHBr^)  V (cm“^)  3200 ( s , broad ) , 1500(s, 
broad),  1370(s),  1300(s),  1255(m),  1180(s),  1140(s), 

1075(s),  1045(m),  995(s),  980(s),  920(s),  875(w),  810(s). 

4. 2. 4. 3 2, 4-Diamino-6-pheny 1-1, 3, 5-triazine  (4.70) 


To  50  mL  of  ethylene  glycol  was  added  potassium 
hydroxide  (1  g),  di cyandi amide  (4.68)  (10.1  g,  120  mmol)  and 
benzonitrile  (4.69)  (10  g,  100  mmol).  The  mixture  was 
brought  slowly  to  reflux  and  then  refluxed  for  a further 
3 h,  cooled  and  poured  into  water.  The  product  was  filtered 
and  washed  with  hot  water,  then  dried  in  vacuo,  to  give 
2.8  g (15  mmol,  82%)  2 , 4 , -diamino-6-phenyl-l , 3 , 5- t r iaz ine 

(4.70)  as  white  prisms  (water)  m.p.  227-228°C,  lit. 
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[630S(IV)78]  m.p.  227-228°C.  ^H-NMR  (DMSO-d,)  58.1-7.0  5Hm. 

D 

IR  (Nujol)  V (cm“^)  3500(w),  3380(m),  3260(m),  3120(m), 
1610(m),  1530(m),  1450(s),  1365(s)  950(w),  810(m),  760(m). 

4. 2. 4. 4 2 , 4-Diaminotetrahydroquinazoline  (4.72) 

Dicyandiamide  (4.68)  (25.2  g,  300  mmol)  and 
cyclohexanone  (4.71)  (29.4  g,  300  mmol)  were  placed  in  a 
flasl<  with  a Dean-Starlc  trap  and  heated  in  an  oil  bath  at 
180°C.  When  collection  of  water  ceased,  the  product  was 
washed  with  acetone  and  crystallized  from  DMSO  at  100°C  to 
yield  6.2  g (111  mmol,  37%)  2 , 4-diamino-5 , 6 , 7 , 8-tetra- 
hydroquinazoline  (4.72)  m.p.  238-241°C,  lit.  [65JOC1837] 
m.p.  243-245°C.  ^H-NMR  ( DMSO-dg ) 56.2-5.6  4Hbroad  (NH),  2.2- 
1.7  8Hm.  IR  (Nujol)  V (cm"^)  3450(w),  3300(m),  3120(m), 
1645(w),  1610(s),  1570(s),  1250(w). 

2 . 4 . 4 . 5 2,4-Diamino-6-methyl-l,3,5-triazine  (4.73) 

2 , 4-Diamino-6-methyl-l , 3 , 5-triazine  (4.73)  was  prepared 
from  acetonitrile  using  the  method  described  above  for  4.70, 
as  white  needles  (ethanol),  yield  86%,  m.p.  262-263°C,  lit. 

[ 43USP2302162 ] m.p.  263°C.  ^H-NMR  ( DMSO-dg ) 53.4  3Hm. 

IR  (Nujol)  V (cm"^)  3300(m,  broad),  1670(m),  1625(s), 


1535(s),  1430(s),  1290(s),  lOlO(m),  860(m),  800(m). 
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4 . 3 Attempted  Preparation  of  Polymers  via  the 
Beirut  and  Related  Reactions 

4.3.1  Introduction 

4 . 3 . 1 . 1 The  chemistry  of  benzofuroxans 

Benzofuroxan  (4.75)  has  been  known  as  early  as  1912. 
Since  then  significant  studies  have  contributed  to  the  vast 
growth  of  benzofuroxan  chemistry.  There  are  two  general 
methods  available  for  the  preparation  of  benzofuroxan 
derivatives.  The  method  which  is  commercially  important  is 
the  oxidation  of  o-ni t roani 1 ines  (4.74)  [12JCS2443] 

(Scheme  4.30).  Usually  sodium  hypochlorite  solution  is 
employed  as  the  oxidant,  although  many  variations  of  this 
process  have  been  patented. 
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Scheme  4.30 


138 


An  alternate  route  to  the  benzofuroxan  ring  is  the 
controlled  decomposition  of  an  o-nitroazide  (4.78) 

[ 7 303 ( V ) 3 92 ] . The  latter  may  be  easily  prepared  by  the 
action  of  sodium  azide  on  such  substrates  as 

t r ophenyldi azonium  salts  (4.76)  or  o-nitrochlorobenzenes 
(4.77)  (Scheme  4.31).  Due  to  the  hazardous  nature  of  the 
intermediate  (4.78),  however,  this  process  is  usually  used 
on  a laboratory  scale.  In  spite  of  this,  it  appears  to  be 
more  general  than  the  oxidation  method. 


4.77 


Scheme  4.31 

A resurgence  of  interest  in  benzofuroxan  was  caused  by 
the  experiments  of  Haddadin  and  Issidorides  at  the  American 
University  of  Beirut,  Lebanon.  They  investigated  the 
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reactions  of  enamines  (4.79)  with  benzofuroxan  (4.75),  which 
led  to  high  yields  of  quinoxaline-N,N' -dioxides  (4.80) 

[ 65TL3235 , 72 J( PI ) 965 ] (Scheme  4.32),  compounds  which 
previously  had  only  been  accessible  through  low-yielding 
multi-step  routes.  This  reaction  has  since  been  known  as  the 
Beirut  reaction. 


0 0~ 


Scheme  4.32 


Spurred  by  the  bactericidal  and  growth-promoting 
properties  of  quinoxaline  dioxides,  the  Beirut  reaction 
became  intensely  studied.  The  reaction  with  enamines  was 
quickly  replaced  by  reactions  starting  from  ketones  (4.81). 
In  this  case,  the  enamine  was  formed  ^ situ  by  passing 
ammonia  into  an  aqueous  solution  or  suspension  of  the 
reagents  [67GEP1670935]  (Scheme  4.33).  Yields  in  this 
process  are  generally  moderate  to  good,  but  on  the  whole 
significantly  lower  than  when  the  enamine  is  isolated. 
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Scheme  4.33 

Other  related  reactions  have  been  carried  out  with 
benzofuroxan , and  the  subject  has  been  reviewed  [75S415]. 
However,  no  polymers  have  been  prepared  starting  from 
benzofuroxan  derivatives,  despite  the  high  yields  reported 
for  many  of  these  reactions  and  the  interesting  structures 
of  the  products.  We  therefore  surveyed  the  literature  to 
determine  whether  any  of  the  known  reactions  of 
benzofuroxans  looked  promising  for  extension  to  the 
preparation  of  polymers.  One  reaction  that  appeared 
particularly  interesting  was  the  reaction  with  hydroquinones 
or  benzoquinones . 

It  was  reported  that  2-hydroxyphenazine-N,N'-dioxide 
(4.84)  is  obtained  in  97%  yield  by  the  reaction  with 
hydroquinone  (4.82)  or  in  92%  yield  by  the  reaction  of 
benzofuroxan  with  benzoquinone  (4.83) 

[ 68GEP1670994 , 72JOC589 ] (Scheme  4.34).  The  reaction  with 
hydroquinone  is  of  great  synthetic  value.  Several  diversely 


141 


functionalized  hydroquinones  have  been  successfully  utilized 
in  this  reaction  and  the  isolated  yields  are  again,  very 
high  [75S415],  Some  of  the  examples  are  shown  in  Table  4.1. 
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Scheme  4.34 
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When  a substituted  hydroquinone  is  reacted  with 
benzofuroxan , three  isomeric  products  are  possible.  Romer 
and  Sammet  [83ZN866]  carried  out  a detailed  study  of  this 
reaction.  They  inferred  that  a strong  correlation  existed 
between  the  product  structure  and  the  electron- 
withdrawing/donating  power  of  the  hydroquinone  substituent. 
With  electron-withdrawing  substituents  a predominant 
1,2-orientation  was  observed  while  electron-donating 
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substituents  favored  the  2,3-isomer.  All  three  possible 
isomers  were  found  to  be  formed  for  substituents  without  any 
strong  donating  or  withdrawing  properties.  This  correlation 
was  attributed  to  the  stabilization  of  the  various  possible 
anions  which  attack  the  benzofuroxan  ring  in  the  first  step 
of  the  reaction  (Scheme  4.35). 


Scheme  4.35 
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4. 3. 1.2  Possible  Uses 


Although  no  polymers  have  been  reported  containing  the 
phenazine-  or  quinoxaline-N,N'-dioxide  ring  system, 
monomeric  species  of  this  kind  have  been  well  known.  Some 

work  has  also  been  done  on  polymers  containing  the  N-oxide 
(mono-oxide)  moeity. 

There  are  two  reports  in  the  literature  of  complexes 
formed  by  the  action  of  metal  salts  and  phenazine- 
N,N'-dioxides  [79JIN13,76TMC2691.  Several  examples  exist  for 
the  related  quinoxal ine-N , N ' -dioxides  [78JIN1019  and 
references  contained  therein].  Alshaikh-Kadi r and  Holt  have 
prepared  many  complexes  from  the  N-oxides  derived  through 
oxidation  of  the  copolymers  formed  from  styrene  and  various 
vinyl  pyridines  (77MAK329].  They  found  that  the  structure 
and  coordination  number  varied  according  to  the  distance  of 
the  N-oxide  functionality  from  the  backbone,  but  do  not 
discuss  the  physical  properties  of  the  polymers.  Polymers  of 
this  sort  might  be  potentially  useful  as  metal  scavengers  in 
a variety  of  situations.  The  complexes  formed  by  these 
polymers  with  metals  might  also  have  interesting  properties. 

An  interesting  property  that  has  been  studied  is  the 
redox  behavior  of  the  phenazine  system.  Interconversions 
between  phenazine,  its  N-oxide  and  its  N,N'-dioxide  are 
facile  [83JHC1735,81het411]  (Figure  4.1).  This  implies  that 


145 


polymers  of  this  sort  might  have  application  as  oxidants,  or 
might  be  easily  reduced  to  the  phenazines,  which  could 
themselves  function  as  reductants.  In  these  cases  the 
polymer  would  be  easy  to  recover  and  be  restored  to  its 
original  oxidation  state  for  reuse. 


0 0“ 


0 


Figure  4.1 

4.3.2  Results  and  Discussion 
4. 3. 2.1  Synthetic  Strategy 

The  reaction  of  bishydroquinones  with  suitable 
benzofuroxans  formed  the  backbone  of  our  polymer-reaction.  A 
number  of  bi sbenzofuroxans  had  been  prepared  and  patented  as 
additives  to  prolong  the  life  of  dry  cell  batteries 
[ 6 6USP 3 2 6 0 6 2 1 ] . Initially  we  chose  to  study  the 
bisbenzofuroxans  with  ether  (4.85)  and  sulfone  (4.86) 
bridges  ( Figure  4.2). 
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4.85  X = 0 

4.86  X = S02 


Various  syntheses  of  bi shydroquinones  are  described  in 
the  literature.  But  most  of  them  lack  generality  and  are 
often  multi-step  processes  culminating  in  low  overall 
yields.  However,  the  reaction  of  sulfinic  acids  with 
benzoquinone  looked  promising.  This  reaction  discovered  long 
ago  by  Hinsberg  [17CB953]  forms  the  basis  of  the  Hinsberg 
test  for  sulfinic  acids.  It  has  since  been  used  in  several 
cases  to  prepare  bi sbenzofuroxan  derivatives.  Thus  the 
reaction  of  various  naphthalenedisulf inic  acids  with 
benzoquinone  resulted  in  the  formation  of 
bis( sulfonylhydroqui nones ) [ 31G111 , 55ROC3 4 3 , 57ROC71 7 ] . 
Similarly  the  preparation  of  a number  of  aliphatic 
bi s ( sul f onylhydroquinones ) were  reported  and  patented  by 
Shaw  [ 60USP2943097 ] . Nonetheless,  sulfinic  acids  are 
notoriously  unstable,  a feature  that  is  even  more  pronounced 
in  the  ^-derivatives.  Manecke  and  coworkers  found  a 
potential  solution  in  the  sulfonylhydrazides , which  on 
treatment  with  excess  benzoquinone  in  acidic  solution  led  to 
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Figure  4.2 
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fair  yields  of  the  bis ( sulfonylhydroquinones ) , the  sulfinic 
acid  was  presumably  formed  iji  situ  [70MAK121]. 

In  the  present  investigation,  it  was  hoped  that 
reaction  of  the  bisbenzofuroxans  (4.85,4.86)  with 
bi s sul f ony Ihyd r oqu i none s would  lead  to  the  desired  polymers 
(4.87)  (Scheme  4.36). 
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Scheme  4.36 
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‘^•3.2.2  Preparation  of  Starting  Materials 


The  desired  bi sbenzofuroxans  were  prepared,  essentially 
following  the  literature  routes.  Acetylation  of 
4 , 4 ' -diaminodiphenyl  ether  in  acetic  anhydride/acetic  acid 
gave  4 , 4 ' -diacetylaminodiphenyl  ether  (4.88),  [ 65JPOL( A) 117 ] 
which  without  further  purification  was  nitrated  (HNO^/HOAc) 
to  produce  the  bis(o-nitro)  derivative  (4.89) 

[ 65JPOL( A) 117 ] . The  acetyl  protecting  group  was  subsequently 
removed  using  sodium  hydroxide  in  methanol  to  yield 
3 , 3 ' -dinitro-4 , 4 ' -diaminophenyl  ether  (4.90)  [ 65JPOL( A) 117 ] 
in  excellent  overall  yield.  Oxidative  cyclization  of  (4.90) 


was  effected  using  15%  sodium  hypochlorite  solution  to  yield 
the  orange/yellow  5 , 5 ' -oxybi sbenzofurazan-3 , 3 ' -dioxide 
(4.85)  [ 66USP3260621 ] (Scheme  4,37).  The  product  was  further 
purified  by  passing  through  a short  column  of  neutral 
alumina  (ethyl  acetate  as  eluent). 
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Scheme  4.37 
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The  sulfonyl  bridged  bi sbenzof uroxan  (4.86)  was 
synthesized  starting  from  4-chlorophenylsulf one . Thus 
nitration  of  4— chlorophenylsulfone  in  fuming  nitric 
acid/sulfuric  acid  produced  4-chloro-3-nitrophenyl  sulfone 

(4.91)  in  good  yield  [ 66USP3260621 ] . Displacement  of  the 
chlorine  atoms  in  the  latter  was  achieved  with  sodium  azide 
in  aqueous  DMSO  to  yield  4— azido— 3— ni trophenyl  sulfone 

(4.92) .  Shaw  ^ al . [ 66USP3260621 ] reported  that  this 
compound  cyclized  to  the  yellow  5,5'-sulfonyl- 

bi sbenz o f u r a z an— 3 , 3 ' — d i ox i de  (4.86)  on  heating  for  3 h in 
toluene  at  100°C  (Scheme  4,38).  However,  in  our  hands,  this 
process  appeared  complete  only  after  three  days,  as 
evidenced  by  the  evolution  of  nitrogen.  Complete  cyclization 
of  (4.92)  was  finally  achieved  by  refluxing  for  1 h in 
xylenes.  Purification  by  column  chromatography  (neutral 
alumina,  ethyl  acetate  as  eluent)  afforded  the  desired 
bisbenzofuroxan  (4.86)  in  25%  overall  yield  and  with  a 
melting  point  in  good  agreement  with  the  literature 
[ 66USP3260621  ] . 
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With  the  two  bi sbenzofuroxans  (4.85  and  4.86)  in  hand, 
we  turned  our  attention  towards  the  preparation  of  the 
bi s ( sul f onylhydroquinones ) . The  first  of  these,  the 
naphthalene-1 , 5-bis ( sulfonylhydroquinone ) (4.96)  was 
prepared  according  to  Scheme  4.39.  Commercially  available 
naphthalene-1 , 5-disulfonic  acid  disodium  salt  (4.93)  was 
first  transformed  to  the  bis(sulfonyl  chloride)  (4.94) 
[1882CB200].  The  latter  was  reduced  by  alkaline  sodium 
sulfite  [53ROC74]  to  afford  the  bis(sulfinic  acid)  (4.95)  in 
good  yield.  In  the  last  step,  (4.95)  when  treated  with  two 
equivalents  of  benzoquinone  in  refluxing  ethanol  [31G111] 
produced  the  desired  bi s ( sul f onylhydroquinone ) (4.96)  via 
the  Hinsberg  reaction  [17CB953].  Some  difficulty  was 
experienced  in  the  purification  of  the  final  product; 
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recrystallization  from  nitrotoluene , according  to  literature 
[70MAK121],  was  totally  ineffective.  Although 
recrystallization  from  acetone/hexane  was  successful  on  a 
small  scale,  the  excessive  ratio  of  solvent  to  solute 
appeared  unattractive  as  a general  procedure.  The  product 
was  found  to  be  essentially  insoluble  in  other  organic 
solvents  tried,  although  some  solubility  in  base  was 
observed.  It  was  later  found  that  thorough  washing  with 
acetone  raised  the  melting  point  of  the  product  to  292-3°C, 
as  compared  to  the  literature  value  of  294®C  [31G111].  The 
material,  thus  purified,  gave  satisfactory  elemental 
analyses  and  was  used  in  this  form  for  further  studies. 
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Scheme  4.39 


152 


Biphenyl  served  as  a convenient  starting  material  for 
the  preparation  of  biphenyl-4 , 4 ' -bi s ( sul f onylhydroquinone ) 
(4.100).  Sulfonation  of  biphenyl  followed  by  situ  salting 
out  (with  KCl ) afforded  the  bissulfonate  salt  (4.97) 
[31HCA764],  The  latter  was  converted  to  the  bis(sulfonyl 
chloride)  (4.98)  by  treatment  with  phosphorus  pentachloride 
[31HCA764].  In  view  of  the  instability  of  the  corresponding 
disulfinic  acid,  its  hydrazide  (4.99)  was  considered,  which 
is  reportedly  more  stable  [70MAK121].  Thus  treatment  of  the 
bis(sulfonyl  chloride)  (4.98)  with  aqueous  hydrazine  at  0°C 
gave  the  hydrazide  (4.99)  in  fairly  good  yield.  The  final 
step  in  this  sequence  involved  coupling  of  the  bis(sulfonyl 
hydrazide)  (4.99)  with  hydroquinone  which  took  place 
smoothly  in  presence  of  hydrochloric  acid  to  yield  biphenyl- 
4,  4 ' -bi  s ( sul  f onylhydroquinone  ) (4.100)  [70MAK121] 

(Scheme  4.40).  The  melting  point  of  this  final  product  was 
in  very  good  agreement  with  the  literature  [70MAK121]  value 
and  no  further  purification  was  necessary. 
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Scheme  4.40 


4. 3. 2. 3 Model  Studies 


As  a model  study,  the  reaction  of  benzofuroxan  (4.75) 
with  hydroquinone  (4.82)  was  first  carried  out  using  the 
literature  method  [75S415]  which  resulted  in  the  formation 
of  the  expected  2-hydroxyphenazine-9 , 10-dioxide  (4.84)  in 
95%  yield. 

Our  attention  then  turned  to  the  reaction  of 
5 , 5 ' -oxybi sbenzofuroxan-3 , 3 ' -dioxide  (4.85)  with 
hydroquinone  (4.82).  It  was  expected  that  this  reaction 
would  be  complicated  by  the  fact  that  substituted 
benzofuroxans  undergo  facile  isomerization,  even  at  room 
temperature.  Thus  a 5-substi tuted  benzofuroxan  is  known  to 
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exist  in  equilibrium  with  its  6-substituted  isomer.  The 
rearrangement  is  believed  to  proceed  via  a dini trosobenzene 
intermediate  (Figure  4.3).  This  subject  has  been  reviewed  by 
Boulton  and  Ghosh  [69MI1]. 


0 


0 


Figure  4.3 

Isomerization  of  the  bi sbenzof uroxan  (4.85)  can  be 
conveniently  followed  by  NMR  spectroscopy.  At  room 

temperature  the  process  is  slow  giving  rise  to  four  pairs  of 
peaks  corresponding  to  the  5-  and  6-substituted  isomers. 
However,  on  warming  to  75°C,  the  spectrum  collapses  to  show 
four  sharply  resolved  peaks  (Figure  4.4).  Evidently,  at  this 
temperature,  the  interconversion  of  the  5-  and  6- 
substituted  forms  is  fast  on  the  NMR  time  scale.  It  can  be 
expected  that  the  isomerization  of  bi sbenzofuroxan  (4.85) 
would  be  more  pronounced  on  a reaction  time  scale  which 
involves  longer  time  periods  compared  to  a NMR  time  scale. 
Thus,  in  its  reaction  with  hydroquinone , the  bi sbenzof uroxan 
(4.85)  would  be  expected  to  give  a mixture  of  three  dimers, 
the  product  (4.101)  arising  from  the  5,5'-  isomer  (4.85a), 
that  (4.102)  from  the  6,6'-  isomer  (4.85b)  and  the  mixed 
product  (4.103)  from  the  5,6'-isomer  (4.85c)  (Scheme  4.37). 
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In  practice,  when  5 , 5 ' -oxybi sbenzofurazan-3 , 3 ' -dioxide 
(4.85)  was  stirred  with  two  equivalents  of  hydroquinone 
(4.82)  in  1 M sodium  hydroxide  at  room  temperature,  an 
orange/red  solid  precipitated  upon  neutralization  with 
hydrochloric  acid.  The  yield  of  the  crude  product  was  82%, 
assuming  it  to  have  the  molecular  formula  of  isomers  4.101- 
4.103.  Thin  layer  chromatography  (on  silica  gel)  showed  two 
spots  with  no  trace  of  the  starting  material  (4.85).  The 
less  polar  spot  had  an  value  of  0.75  (ethyl  acetate)  and 
was  removed  by  column  chromatography  over  neutral  alumina. 
The  structure  of  this  component  could  not  be  properly 
established.  The  more  polar  fraction  (the  desired  mixture  of 
products  4.101-4.103)  could  not  be  eluted  even  with  very 
polar  solvents  and  was  recovered  from  the  alumina  by 
continuous  extraction  (soxhlet  apparatus)  with  acetone.  The 
percentage  recovery  was,  however,  low.  No  attempt  was  made 
to  separate  the  components  of  the  mixture  of  4.101-4.103 
since  these  would  be  expected  to  have  very  similar  physical 
properties.  Although  the  extraction  method  actually  gave 
very  low  returns  from  the  chromatography  it  was  not 
envisaged  that  this  step  would  be  undertaken  in  the  polymer 
preparation.  The  low  overall  yield  of  crude  product,  not 
suitable  for  a polymer  reaction,  required  further 
improvement.  The  reaction  of  bi sbenzofuroxan  4.85  with 
hydroquinone  was  thus  repeated  using  aqueous  ethanol  and 
aqueous  DMSO  as  solvents,  however  the  overall  yields  of 
solid  were  only  76%  and  70%  repectively.  The  thin  layer 
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chromatographic  analysis  of  the  solids  obtained  was  similar 

to  when  water  alone  was  used  as  solvent. 

1 3 

The  C-NMR  spectrum  of  the  product  mixture  (4.101- 
4.103)  consisted  mostly  of  closely  spaced  pairs  of  peaks,  in 
some  cases  only  slightly  resolved  at  50MHz.  The  quaternary 
carbons  produced  signals  of  low  intensity  and  were  very 
difficult  to  distinguish,  some  being  obscured  underneath 
overlapping  peaks.  Nonetheless,  a pattern  was  apparent, 
which  was  also  observed  in  the  spectrum  of  the  parent 
compound  (4.84).  The  ipso  carbon  atoms  attached  directly  to 
oxygen  occurred  at  the  lowest  field,  appearing  at  5160.5  for 
the  parent  compound  (4.84).  For  the  dimers  4.101-4.103  a 
closely  spaced  pair  of  peaks  is  seen  at  5157.38  and  5157.13 
which  were  assigned  to  the  phenolic  ipso  carbons.  The 
phenolic  ring  gave  rise  to  three  characteristic  peaks  in  the 
spectrum.  For  the  parent  compound  (4.84)  these  were  seen  at 
5129.9,  5119.6  (or  5119.2)  and  599.5,  the  two  most  shielded 
being  ortho  to  the  hydroxy  group.  The  Cl  carbon  is  expected 
to  experience  a greater  shielding  effect  due  to  partial  bond 
fixation  between  Cl  and  C2  and  was  thus  assigned  to  the  peak 
at  599.5,  while  C3  is  assigned  to  a peak  at  5119  and  C4  to 
that  at  5129.9  (Figure  4.5).  This  pattern  is  repeated  in  the 
spectrum  of  the  compounds  4.101-4.103.  In  this  case  there 
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are  two  signals  for  each  carbon  depending  on  the  position  of 
the  ether  linkage  (whether  at  6-  or  7-position).  Three  pairs 
of  signals  (S99.23,  599.17),  (5117.03,  5117.07)  and 
(5127.39,  5127.42)  could  be  assigned  to  the  phenolic  carbons 
Cl,  C3  and  C4,  respectively  of  the  dimers  (4.101-4.103) 
(Figure  4.5).  It  was  most  stiking  to  find  that  each  of  the 
above  three  pairs  were  associated  with  an  additional  pair 
located  ca . 3ppm  downfield.  Thus  a further  set  of  signals  at 
(5102.66,  5102.70),  (5120.42,  5120.48)  and  (5130.73, 

5130.80)  were  also  observed.  Considering  the  fact  that  a OH 
group  has  greater  shielding  effect  ( ca . 3 ppm  for  ortho  and 
para  positions)  than  a OAr  group  [78MI2],  these  latter  set 
of  peaks  were  assigned  to  the  carbons  in  the  phenyl  ether 
moeity.  The  other  peaks,  which  correspond  to  the  quaternary 
carbons  remained  assigned.  Indeed  several  of  the  expected 
peaks  were  not  visible,  being  either  too  close  to  other 
signals  or  weak  in  intensity. 
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For  comparision,  the  partially  saturated  1,1'- 
oxybis( 1 , 2 , 3 , 4-tetrahydrophenazine-9 , 10-dioxide ) (4.104)  was 
prepared  by  alkali  mediated  condensation  of  the 
bisbenzofuroxan  4.85  with  cyclohexanone  (4.71) 

(Scheme  4.38).  It  was  purified  by  first  removing  the  less 
polar  fractions  on  a neutral  alumina  column  (methanol  as 
eluent)  followed  by  continuous  extraction  of  the  alumina 
with  acetone.  Removal  of  acetone  afforded  the  novel 
tetrahydrophenazine  dioxide  derivative  (4.104)  as  a brown 
solid . 


Scheme  4.38 
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This  tetrahydrophenaz ine  dioxide  derivative  (4.104)  did 
not  contain  a phenolic  ring  and  its  NMR  spectrum  should 

be  devoid  of  the  characteristic  phenolic  peaks  shown  by  both 
(4.84)  and  (4.101-4.103).  True  to  this  belief,  the  NMR 

spectra  of  (4.104)  displayed  four  peaks  (among  others)  whose 
chemical  shifts  (6100.94,  5118.78  and  either  6128.53  or 
5129.06)  were  characteristic  of  the  phenyl  ether  moiety 
(Figure  4.5).  A deshielded  peak  at  5157.26  is  assigned  as 
being  ipso  to  the  ether  oxygen.  This  reinforced  our  earlier 
assignments  for  the  parent  compound  (4.84)  as  well  as  for 
the  product  mixture  (4.101-4.103). 

The  bi sbenzof uroxan  4.86  was  also  reacted  with 

hydroquinone . The  reagents  were  stirred  for  24  h in  1 M 

aqueous  sodium  hydroxide.  Subsequent  neutralization  afforded 

an  orange/yellow  solid  in  a yield  of  71%  (based  on  the 

formula  of  the  expected  product  isomers  4.105-4.107).  Here 

again  the  mixture  of  isomeric  products  4.105-4.107  (Scheme 

4.39)  was  evidenced  by  a highly  polar  spot  in  the  thin  layer 

chromatagraphy  (silica,  ethyl  acetate).  Once  again  the 

product  mixture  of  4.105-4.107  was  purified  by  the  sequence 

of  column  chromatography  (neutral  alumina,  ethyl  acetate) 

followed  by  continuous  extraction  of  the  alumina  with 

acetone.  No  attempt  was  made  to  separate  the  isomers.  The 
1 3 

C NMR  spectrum  of  the  sample  once  again  showed  the 
familiar  pattern  of  peaks  at  5129.06,  5118.78  and  101.02. 
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4. 3. 2. 4 Conclusion 

The  reaction  of  the  bi sbenzofuroxans  with  hydroquinone 
afforded  a mixture  of  isomeric  products.  The  crude  yields 
were  not  sufficiently  high  to  continue  further  study, 
especially  since  further  complications  would  arise  during 
reactions  with  bi shydroquinones . Work  in  this  line  was  thus 
discontinued . 

4.3.3  Experimental 

4 . 3 . 3 . 1 4 , 4 ' -Diacetylaminodiphenyl  ether  (4.88) 

4 , 4 ' -Diacetylaminodiphenyl  ether  (4.88)  was  prepared  by 
the  acetylation  of  4 , 4 ' -diaminodiphenyl  ether  as  described 
by  Foster  and  Marvel  [ 6 5 JPOL ( A ) 11 7 ] . Yield  82%,  m.p. 
225-228°C,  lit.  [ 65JPOL( A) 117 ] m.p.  228-229°C.  ^H-NMR 
(DMSO-dg)  59.8  2Hs  (NH),  7.2  4Hd  (J=9  Hz,  H2,H6),  6.7  4Hd 
(J=9  Hz,  H3,H5),  1.6  6Hs  ( CH^ ) . IR  (CHBr^)  v (cm"^)  3370(s), 
3200(m),  1655(s),  1610(m),  1550(s),  1525(s),  1500(s), 

1410(s),  1370(m),  1315(w),  1270(w),  1250(m),  1220(w), 

1190(w),  1105(m),  1095(m),  lOlO(m),  975(w),  960(w),  880(w), 
750(s)  , 730(s)  , 720(s)  . 
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4. 3. 3. 2 3 , 3 ' -Dini t ro-4 , 4 ' -diace tylaminodiphenyl  ether  (4.89) 

The  nitration  of  4 , 4 ' -diacetamidodiphenyl  (4.88)  ether 
by  the  procedure  described  by  Foster  and  Marvel  gave 
3 / 3 '-dinitro-4 , 4 '-diacetamidodiphenyl  ether  (4.89)  in  92% 
yield,  m.p.  210-214°C,  lit.  [ 65JPOL( A) 117 ] m.p.  211-214°C. 
^H-NMR  (DMSO-dg)  57.8-7.3  6Hm,  2.0  3Hs  ( CH^  ) . IR  (CHBr^)  V 
(cm"^)  3340(s),  3260(s),  1670(s),  1655(s),  1580(m),  1540(s), 
1510(s),  1470(w),  1430(w),  1400(w),  1370(w),  1355(m), 
1340(s),  1270(s),  1240(w),  1215(w),  1190(w),  1070(w), 
1045(w),  1015(w),  980(m),  960(m),  885(w),  875(w),  855(w), 
825( s)  . 

4-3. 3. 3 3 , 3 ' -Dinitro-4 , 4 ' -diaminodiphenyl  ether  (4.90) 

3 f 3 ' -Dini tro-4 , 4 ' -diacetylaminodiphenyl  ether  (4.89) 
(150  g,  400  mmol)  was  slurried  in  a mixture  of  methanol 
(1.25  L)  and  water  (250  mL ) . With  vigorous  stirring  sodium 
hydroxide  (32  g,  800  mmol)  was  added  over  a period  of  1 h, 
and  the  mixture  left  stirring  overnight.  The  mixture  was 
poured  into  water  (4  L)  to  precipitate  the  product  which  was 
filtered,  washed  thoroughly  with  water  and  dried  in  vacuo  to 
yield  3 , 3 ' -dinitro-4 , 4 ' -diaminodiphenyl  ether  (4.90)  84.7  g 
(292  mmol,  73%),  m.p.  178-179°C  (EtOH),  lit.  [ 6 5 JPOL ( A ) 1 1 7 ] 
m.p.  179-180°C.  ^H-NMR  ( DMSO-dg ) 57.5-6.8  6Hm.  IR  (CHBr^) 
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V (cm"^)  3470(m),  3340(m),  1625(w),  1580(m),  1560(m), 
1500(s),  1460(m),  1400(m),  1365(m),  1320(s),  1250(s), 
1065(m),  950(m),  920(m),  875(m),  865(m),  855(m),  810(s). 

4. 3. 3. 4 5,5' -Oxybi sbenzofurazan-3 ,3' -dioxide  (4.85) 

The  cyclization  of  3 , 3 ' -dini t ro-4 , 4 ' -di aminodiphenyl 

ether  (4.90)  was  carried  out  using  15%  NaOCl,  as  described 

in  the  literature  [ 66USP3260621 ] . Yield  62%,  m.p.  172-174°C, 

lit.  [ 66USP3260621 ] m.p.  170-172°C.  ^^C-NMR  (DnSO-d^,  90°C) 

o 

156.9,  127.3,  117.4,  117.2,  101.2.  ^H-NMR  ( DMSO-dg ) 57.7-6.9 
6Hm.  IR  (CHBr^)  v ( cm“^ ) 1615(s),  1590(s),  1580(s),  1540(s), 
1485(s),  1460(m),  1420(m),  1310(s),  1305(s),  1275(m), 
1260(m),  1220(s),  1180(s),  lOlO(s),  950(m),  940(m),  870(m), 
860(w),  850(w),  815(s),  805(m). 

• 3 . 3 . 5 Bis  ( 4-chloro-3-nitrophenyl ) sulfone  (4.91) 

4-Chlorophenyl  sulfone  (28.7  g,  100  mmol)  was  added 
with  stirring  to  a mixture  of  cone,  sulfuric  acid  (150  mL) 
and  fuming  nitric  acid  (125  mL),  maintaining  a temperature 
below  40°C.  The  mixture  was  heated  at  60°C  for  1 h,  cooled 
and  poured  into  ice/water  (1  L).  The  white  precipitate  was 
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collected,  washed  with  water  and  dried  in  vacuo,  to  give 

30  g (80  mmol,  80%)  bi s ( 4-chlo ro-3-ni t r ophenyl ) sulfone 

(4.91)  as  white  needles  (acetic  acid),  m.p.  197-198°C,  lit. 

[ 66USP3260621 ] m.p.  196-198°C.  ^H-NMR  ( DMSO-d, ) 59.0  2Hd 

b 

(J=3Hz)  (H5),  8.6  2Hdd  (J=3,10Hz)  ( H6 ) , 8.3  2Hd  (J=10Hz) 
(H2).  IR  (CHBr^)  V (cm"^)  1925(w),  1790(w),  1580(s), 
1560(s),  1530(s),  1450(s),  1330(s),  1280(m),  1250(w), 
1075(m),  1040(s),  880(s),  870(s),  815(s). 

^•^•3.6  5,5'-Sulfonylbisbenzofurazan-3,3'-dioxide  (4.86) 

Bis( 4-chloro-3-nitrophenyl ) sulfone  (4.86)  (18.8  g, 

50  mmol)  was  dissolved  in  DMSO  (150  mL ) and  water  (15  mL ) 
slowly  added  to  form  a suspension.  Sodium  azide  (7.2  g, 

110  mmol)  was  added  during  0.5  h.  The  mixture  was  stirred 
4 h then  poured  into  water  (500  mL) , and  the  resulting 
yellow  bis ( 4-azido-3-nitrophenyl ) sulfone  (4.92)  collected 
and  dried  by  filtration.  The  crude  product  was  covered  with 
boluene  (100  mL ) and  heated  at  100°C  for  72  h.  The  toluene 
was  removed  under  reduced  pressure  and  xylenes  (100  mL ) 
added  and  the  mixture  refluxed  0.5  h.  The  xylenes  were  then 
removed  and  the  product  purified  by  passing  down  a short 
column  of  alumina  using  ethyl  acetate  as  eluent,  to  give 
(7.5  g,  23mmol,  45%)  5 , 5 ' -sul f onylbi sbenzof urazan- 


168 


3,3'-dioxide  (4.86)  as  yellow  prisms,  m.p.  206-207°C,  lit. 

[ 66USP3260621  ] m.p.  207-209°C.  ^^C-NMR  ( DMSO-d,-  90°C) 

D 

6141.4,  128.1,  127.5,  119.9,  118.8.  ^H-NMR  (DMSO-d^)  68.2- 

b 

7.2  6Hm.  IR  (CHBr^)  v ( cm"^ ) 1600(s),  1530(s),  1475(s), 
1440(s),  1390(s),  1355(m),  1330(s),  1240(w),  1180(s), 
1040(s),  1020(s),  925(w),  880(s),  840(s),  810(s). 

4. 3. 3. 7 1 , 5-Naphthalenebi s ( sul fonyl  chloride)  (4.94) 

Sodium  1 , 5-naphthalenedisulfonate  (100  g,  300  mmol)  and 
finely  powdered  phosphorus  pentachloride  (125  g,  600  mmol) 
were  well  mixed  in  a round-bottomed  flask  which  was  fitted 
with  a condenser.  On  gently  heating  an  exothermic  reaction 
begins  and  the  mixture  slowly  goes  into  solution  in  the 
POCl^  formed.  As  the  reaction  subsides  heat  is  again  applied 
to  relux  the  POCl^  for  1 h.  The  solution  is  poured  into  ice 
water  and  stirred  until  the  oil  formed  solidifies.  The  solid 
is  collected,  dissolved  in  benzene,  any  water  removed  by 
decantation,  dried  over  calcium  chloride  and  precipitated 
into  hexanes  to  yield  84.5  g (260  mmol,  87%) 

1 , 5— naphthalenebi s ( sul f onyl  chloride)  (4.94)  as  white  prisms 
(benzene/hexane)  m.p.  182-183°C,  lit.  [1882CB200]  183°C. 
^H-NMR  (DMSO-dg)  68.6-7.7  6Hm.  IR  (CHBr^)  v ( cm“^ ) 1580(s), 
1455(s),  1400(s, broad) , 1300(s),  1160(s,  broad),  1075(s), 
1025(w),  990(m),  900(m). 
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4. 3. 3. 8 1 , 5-Naphthalenedisulf inic  acid  (4.95) 

A solution  of  anhydrous  sodium  sulfite  (100  g, 

800  mmol),  and  sodium  hydroxide  (8  g,  200  mmol)  in  water 
(750  mL ) was  heated  to  80°C  and  finely  powdered 
1 , 5-naphthalenebis ( sulfonyl  chloride)  (4.94)  (65  g, 

200  mmol)  was  added  and  the  mixture  heated  to  boiling  with 
vigorous  stirring.  Further  water  (150  mL)  was  added  and  the 
mixture  refluxed  10  min,,  then  cooled  to  room  temperature.  A 
solution  of  cone.  H2SO^  in  water  (2:9)  was  added  slowly  to 
precipitate  the  product  which  was  collected.  The  crude 
sulfinic  acid  was  added  to  water  (100  mL ) and  with  warming 
sodium  carbonate  was  added  to  dissolve  it.  The  solution  was 
stirred  with  charcoal,  filtered  and  the  filtrate  was  just 
neutralized  with  cone.  HCl  to  reprecipitate  28.7  g 
(112  mmol,  56%)  1 , 5-naphthalenedi sul f ini c acid  (4.95) 
[53ROC74]  as  white  needles  which  were  dried  at  the  pump  and 
used  without  further  purification  for  the  next  step. 

^H-NMR  (DMSO-dg)  S10.2  2Hs(broad)  (SO2H),  8. 7-7, 7 6Hm. 

IR  (CHBr^)  V (cm"^)  2750(s,  broad),  2400(s,  broad),  1555(w), 
1490(s),  1340(s),  1225(m),  1195(m),  1020(s,  broad),  920(m), 
810( s)  . 
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4.3.3, 9^1 , 5-bis ( 2 , 5-dihydroxvphenylsulfonyl ) naphthalene 


1 , 5-Naphthalenedisulf inic  acid  (4.95)  (25.6  g, 

100  mmol)  was  refluxed  with  benzoquinone  (23.8  g,  220  mmol) 
in  EtOH  (200  mL ) for  2 h.  The  product  was  poured  into  water 
(500  mL) , washed  thoroughly  with  water,  EtOH  and  acetone, 
then  dried  at  50°C  ^ vacuo . Attempts  to  recrystallize  the 
product  from  nitrotoluene , as  described  in  the  literature 


[31G111]  were  unsuccessful,  and  the  well  washed  product  was 
used  as  prepared.  Yield  27.4  g (58  mmol,  58%),  m.p. 
292-293°C,  lit.  [31G111]  m.p.  294°C.  Anal:  Calc'd  for 

^26^16^8^2  3.1%.  Found  C,  59.7;  H 3.2% 

^H-NMR  (DMSO-dg)  58.6  4Hm,  7.8  4Hm,  6.9  4Hm,  IR  (CHBr^) 

V (cm“^)  3210(s),  1600(w),  1580(w),  1495(s),  1450(m), 
1365(s),  1290(s),  1265(w),  1240(w),  1220(m),  1200(s), 
1190(m),  1160(m),  1040(m),  930(w),  905(m),  875(m),  805(s). 


4.3.3.10  Potassium  4 , 4 ' -Biphenyl sul fonate  (4.97) 

This  salt  was  prepared  by  sulfonation  of  biphenyl  and 
salting  out  of  the  product  with  KCl  as  described  in  the 
literature  [31HCA764].  Yield  quantitative,  infusible 
colorless  needles  (H2O).  ^H-NMR  (DMSO-dg)  67.6  8Hs. 
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4.3.3.11  Biphenyl-4 , 4 '-bis ( sulfonyl  chloride)  (4.98) 

This  was  prepared  from  the  above  compound  as  described 

[31HCA764]  as  white  needles  (benzene/hexanes),  yield  82%, 

m.p.  202-203°C,  lit.  [31HCA764  ] m.p.  203°C.  ^H-NMR  ( DMSO-d,- ) 

6 

67.6  8HS.  IR  (CHBr3)  v (cm"^)  1590(s),  1560(w),  1480(w), 
1375(s),  1280(w),  1190(m),  1170(s),  1080(m),  1015(w), 
lOOO(m),  815(s). 

4.3.3.12  Biphenyl-4,4'-bis( sul f onylhydraz ide ) (4.99) 

Biphenyl-4, 4'-bis(sulfonyl  chloride)  (4.98)  (10  g, 

28  mmol)  was  added  to  a rapidly  stirred  solution  of 

hydrazine  hydrate  (10  g,  200  mmol)  in  water  (25  mL)  at  0°C. 

Stirring  was  continued  at  this  temperature  for  4 h,  the 

product  was  filtered,  washed  with  H^O  and  dried  over  P-,On  in 

■4  2 5 — 

vacuo  at  room  temperature.  Yield  5.5  g (16  mmol,  57%), 
product  decomposes  on  heating.  ^H-NMR  ( DMSO-d, ) 68.7  2H 

D 

(broad)  (NH),  8.1  8Hs,  6.8  2H  (broad)  (NH).  IR  (CHBr^) 

V (cm  ^)  3320( s, broad)  1620(s),  1590(m),  1550(w),  1475(m), 
1425(m),  1385(s),  1325(s),  1270(w),  1095(s),  1015(w), 
lOOO(m),  920(m),  865(m),  815(s). 
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‘^•3.3.13  ^4,4'-Bis(2, 5-di  hyd  r oxy  phenyl  sul  f ony  1 )biphenyl 

This  product  was  prepared  by  the  literature  method 
[70MAK121]  from  biphenyl-4 , 4 '-bis( sulfonylhydrazide ) (4.99) 
and  benzoquinone , Yield  67%,  m.p.  283-284°C,  lit.  [70MAK121] 
m.p.  283-285°C.  ^H-NMR  (DMSO-dg)  69.3  4Hs  (broad)  (OH),  8.0 
6Hs  (hydroquinone  ring),  7.3  4Hd  (J=7Hz)  (H3,H5),  6.9  4Hd 
(J  = 7Hz)  (H2,H6).  IR  (CHBr^)  \)  ( cm"^ ) 3220(s),  1580(m), 
1550(w),  1495(s),  1360(s),  1285(s),  1260(m),  1200(m), 
1175(w),  1080(s),  1035(m),  990(m),  900(m),  870(m),  820(m), 
810( s)  . 


4.3.3.14  2-Hydroxyphenazine-9 ,10 -dioxide  (4.84) 

2-Hydroxyphenazine-9 , 10-dioxide  was  prepared  from 
benzofuroxan  (4.75)  and  hydroquinone  (4.82)  as  described  by 
Florin  and  Seng  [ 68GEP1670935 ] , and  reported  in  the  review 
by  Ley  and  Seng  [75S415].  Yield  92-96%,  m.p.  256-258°C,  lit. 
[75S415]  m.p.  255-260°C.  ^^C-NMR  (DMSO-dg)  5160.5,  136.7, 

133.5,  131.3,  129.9,  127.9,  125.0,  121.7,  119.6,  119.2, 

99.5.  ^H-NMR  (CDCI3/TFA)  68.8-7.5  7Hm.  IR  (CHBr3)  v ( cm"^ ) 
1610(s),  1600(w),  1470(m),  1450(m),  1430(w),  1355(s), 
1340(m),  1265(s),  1235(s),  1080(s),  835(s). 
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4.3.3.15  Dimer  from  5 , 5 ' -oxybi sbenzofurazan-3 , 3 ' -dioxide  and 
hydroquinone  ' 

5,5'-Oxybisbenzofurazan-3,3'-dioxide  (1.0  g,  4 mmol) 
(4.85)  and  hydroquinone  (4.82)  (0.77  g,  8 mmol)  were 
stirred  24  h in  2.0  M aqueous  NaOH  (50  mL ) . The  product  was 
precipitated  by  neutralization  with  dil.  HCl , filtered, 
washed  with  water  and  dried  at  50°C  ^ vacuo . The  crude 
product  weighed  1.35  g (82%  calculated  on  ^24^14^4^7^' 
layer  chromatography  (silica,  ethyl  acetate)  showed  the 
desired  product  mixture  (4.101-4.103)  plus  one  other  product 
of  0.75.  The  product  was  chromatographed  on  an  alumina 
column.  The  column  was  eluted  with  methanol  and  the  product 
mixture  remained  as  a band  at  the  top  of  the  column.  The 
mixture  of  7 , 7 ' -oxybis ( 2-hydroxyphenazine-9 , 10-dioxide ) 

(4.101) ,  6,6' -oxybis ( 2-hydroxyphenazine-9 ,10-dioxide) 

(4.102)  and  6 , 7 ' -oxybis ( 2-hydroxyphenazine-9 , 10-dioxide ) 

(4.103)  was  recovered  by  soxhlet  extraction  with  acetone. 
^^C-NMR  (DMSO-dg)  157.38,157.13,  157.11,  149.48,  149.37, 
130.80,  130.73,  127.42,  127.39,  120.58,  120.48,  120.42, 
117.13,  117.07,  117.03,  116.97,  102.70,  102.66,  99.23, 


99.17. 
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4.3.3.16  7 ,7'-Oxybis(l,2,3, 4-tetrahydrophenazine- 
9, 10-dioxide)  ( 4.104) 

5,5'-Oxybisbenzofurazan-3,3'-dioxide  (4.85)  (1  g, 

3.5  mmol)  and  cyclohexanone  (0.68  g,  7 mmol)  were  stirred 
10  h in  2 M aqueous  sodium  hydroxide.  The  solution  was 
neutralized  with  cone.  HCl  to  yield  a yellow/brown 
precipitate,  which  was  collected  and  dried  ^ vacuo,  to 
yield  1.28  g (3  mmol,  80%)  of  the  crude  dimer.  Purification 
was  effected  by  chromatography  (alumina,  methanol)  and 
recovering  the  solid  by  extraction  with  acetone,  to  give 
7,7' -oxybis ( 1,2,3, 4-tetrahydrophenazine-9 ,10 -dioxide  (4.104) 
as  brown  needles,  m.p.  204-206°C.  ^^C-NMR  ( DMSO-dg ) 5157.26, 
149.45,  147.23,  131.39,  129.06,  128.53,  118.78,  100.94, 
68.41,  55.66,  31.93,  29.44. 

4.3.3.17  Dime r from  5,5'-sulfonylbisbenzofurazan- 
3,3'-dioxide  and-hydroquinone 

5, 5'-Sulfonylbisbenzofurazan-3 , 3 '-dioxide  (1.0  g, 

3 mmol)  (4.86)  and  hydroquinone  (4.82)  (0.66  g,  6 mmol)  were 
stirred  24  h in  2.0  M aqueous  NaOH  (50  mL ) . The  product  was 
precipitated  by  neutralization  with  dil.  HCl,  filtered, 
washed  with  water  and  dried  at  50°C  ^ vacuo . The  crude 
product  weighed  1.10  g (71%  calculated  on  C2^H^^N^OgS ) . Thin 
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layer  chromatography  (silica,  ethyl  acetate)  showed  the 
desired  product  mixture  (4.105-4.107)  plus  one  other  product 
of  0.4.  The  product  was  chromatographed  on  an  alumina 
column.  The  column  was  eluted  with  methanol  and  the  product 
mixture  remained  as  a band  at  the  top  of  the  column.  The 
mixture  of  7 , 7 ' -sulfonylbis ( 2-hydroxyphenazine-9 , 10-dioxide ) 

(4.105) ,  6,6'-sulfonylbis( 2-hydroxyphenaz ine-9 ,10-dioxide) 

(4.106)  and  6 , 7 ' -sulfonylbis ( 2-hydroxyphenazine- 

9 , 10-dioxide ) (4.107)  was  recovered  by  soxhlet  extraction 
with  acetone.  ^^C-NMR  (DMSO-dg)  149.47,  129.06,  118.78, 
115.63,  101.02. 


CHAPTER  5 

SUMMARY  AND  CONCLUSIONS 


Polymer  systems  containing  the  [ 2H ] -1 , 2 , 4-triazoline- 
3-thione  moiety  have  been  investigated.  Three  routes  known 
in  the  literature  to  be  useful  for  synthesis  of  this 

heterocyclic  ring  were  investigated  with  a view  to  polymer 
synthesis . 

The  reaction  of  bis(imidoate  ester  hydrochlorides)  with 
bisthiosemicarbazides  appeared  unsuitable  for  polymer 
preparation  because  of  the  instability  of  the  bis(imidoate 
ester  hydrochlorides),  which  were  found  to  evolve  hydrogen 
chloride  gas  on  standing. 

Approaches  to  the  ring  involving  cyclization  of  a 
polyacylthiosemicarbazide  were  therefore  studied.  This 
intermediate  could  be  prepared  either  from  the  reaction  of 
bisthiosemicarbazides  with  bis(acid  chlorides)  or  from 
diisothiocyanates  with  bis(acid  hydrazides).  Model  studies 
showed  the  latter  route  to  lead  to  polymers  of  higher 
molecular  weight,  a desirable  characteristic.  Weight  average 
molecular  weights  up  to  6.3E4  were  achieved.  Cyclization  of 
the  polyacylthiosemicarbazides  was  effected  by  stirring  in 
sodium  carbonate  solution  at  room  temperature,  easily 
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leading  to  the  required  poly- [ 2H ] -1 , 2 , 4- t r iazol ine- 
^~thiones.  In  this  manner  ten  novel  polyacyl thi o— 
semicarbazides  were  prepared  and  each  was  cyclized  to  the 
corresponding  poly- [ 2H ] -1 , 2 , 4-tr iazol ine-3-thione . 

Copolymers  were  also  prepared  by  reacting  1,6-diiso- 
thiocyanatohexane  with  mixtures  of  terephthalic  bishydrazide 
and  p-phenylenediamine.  This  led  to  ten  novel  copolymers 
containing  both  polyacylthiosemicarbazide  and  polythiourea 
residues  in  varying  proportions.  On  treatment  with  aqueous 
ammonia  at  room  temperature,  those  polymers  containing  more 
than  20%  of  the  polyacylthiosemicarbazide  residues 
dissolved.  The  cyclized  polymers  were  precipitated  by 
warming  to  drive  off  ammonia  gas. 

Attempts  to  prepare  polypyrroles  by  extension  of  the 
Knorr-Lange  reaction  were  abandoned  due  to  difficulties  in 
preparing  the  required  bi s ( a-aminoketones ) . 

An  investigation  of  the  reaction  of  diamino-s-triazine 
derivatives  with  bis(acyl  bromides)  (in  the  hope  of 
preparing  polybi simidazo ( 1 , 2-a ] [ 1 , 2-c ] -pyrimidines  or 
-s-tr iazines ) showed  it  to  be  unsuitable  for  polymer 
preparation.  Likewise,  model  studies  of  the  reaction  of 
bisbenzofuroxans  with  bi ssul f onylhyd roquinones  (with  a view 
to  preparing  polyphenazine-9 , 10-dioxides ) showed  the 
formation  of  by-products  and  an  insufficient  yield  for 
polymer  formation. 
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